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PREFACE 


£iliLi]Ligv Lb g co mpjirjinvg study of behavior has in rctcm years 
achievfd jt significance far beyond ihe realm oF biology. The reali¬ 
zation that phvlogc uei ic adaptations determine the behavior of ani¬ 
mals in a deiinable manner has increasingly fed! even those icittw 
which deal exclusively with man to search for the biological bases 
of human behavior. All behavioral science* arc based on the asiump- 
tin:i (hat predict ions about behavior can be made if a sufficient 
eiumber of relevant variables are known. It is their gutiJ to inwti- 
gate such lawful relationships. Animals possess predictable behavioral! 
programs. Ko« these' programs are acquired is a mailer of dispute. 
There exist schools of though i which hold temcioiilly to ihe view 
thal animals and man learn all then behavior during the course of 
ontpgCfKfic development. Ethology has refuted Ihe generality of this 
assertion It was first shown in animals chat a basic repertoire of 
behavior patterns matures during the course of development. Emer¬ 
gence of these movement jxittcnns. like Lhat of celts and. organs, is 
gmded by phylogeneticnlly acquired developmental blueprints. The 
impulse to study behavior anew came from biology, and the appli¬ 
cability—in principle—of w orking hypotheses dais ed from the siiwj} 
of animal behavior to human behavior is today an accepted fact. 
We know that Oven human behavior is determined lev a certain ex¬ 
tent by phylogenetic adaptations, and that these adaptations, ace of 
Utmost practical as well as theoretical importance fur the sciences 
dealing with man: consider, for exampie, Ihe implications for edu¬ 
cation and sociology 
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IPhylogeneLbe adaptations may delermjnc ihc course of behavior 
in various ways, Sortie behavior pattern* when performed show 
what may be tilled on inborn skill. Such instiiKlivt aci bities"’ 
are as much a pan of an animal as all his iiuEOnkal sinfeture*. 
They need not be hilly functional at the umc of ;tn artimal r S hinh. 
but inslead may mature gradually. anti this occur* even if oppon 
tuniiio Eo karn by individual trial and error or by ihe imitation 
of 01 her. jrp withheld Comparisons of doselv related specie* fre¬ 
quently reveal behavior patterns that are identical in form. pointing 
to a common phylogenetic origin SomeEimes it is possible to recon¬ 
struct their evolutionary path by comparative methods Ip. 408J. 

In addition, tojflfesm shills. many animals, haw the phylcigenet- 
tally acquired uhilii* LO il.icl to stimulaiion with specific actions 
ihal are appropriate ,md ol* advantage to the iptcirt. Since, the 
behavior occurs in response to’certain specific stimuli or stimulus 
eon figurations, n speviar jin»Je itiecJwtiistu ip 4.t!i i-- 

required, 

Inborn drive mtrhar ifMU cause Lbe spontaneous activity of orga¬ 
nisms. Furthermore, we know of inborn tlispn^ijums ti* learn; Sot 
every animal is able Lo learn every thing, or at all tmie"-, equally 
Ii .: |-._.11 -■ j” IT learning : ■ L c^ place in ^ 11- 1 1i ■. .■ periods during 
which certain aspects are piefeureJ, o-r as if specific: inrialc learning 
eapaciiie* were I a reels preprogrammed l.p. 2 I? 1 , 

Tlii* ettiolo^tal fciinwiedgt, based on animal studies. cart con¬ 
tribute to a hericr understanding of human behaviot, and k. Loren; 
recognizes this as "esscnliaily the mow importanr task 1 " of I he branch 
of science which he founded. This is so because in species which 
are mentally more advanced the behavior to conspecitks is deter¬ 
mined lo a greater extern by innate components and less by acquired 
achievements than is their behavior toward the environment. "Thai 
ihis is unhappily so even in man."* Loren* (I^SI> writes, "is ex¬ 
pressed drastically by the discrepancy between ihe enormous success 
in controlling Ihe external environment and the crushing inability 
to solve mtra-spceilic problems."' 

With disorders of our own social behavior so acute today, it 
would he of prime importance for education and the study of the 
pvcchokigy of people* if w< could discover which disorder* of wK'iaf 
behavior can be influenced by education and which cannot- In this 
way ethology extends into the province of social sciences and philos¬ 
ophy. D. Pltxse (l*>64f has pointed oul the numerous points of 
contact between ethology and psychiatry. 

The subject mailer of ethology was presented in te.srlbcKsk form 
for the first time by M. Tinbergen 11^5-11. In 3952 the Oetffltm trans¬ 
lation of the original English version became available. To date 
there exists no revised edition of this basic work. However. espe- 
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dally dn rific i he Iasi. fifteen yea rs. decisive advances have been 
made in the area of beha t iotat research. thus caliine lor a new 
review. 

Of ihose books which. di&cuss the elhnUugical pusnl of view sub¬ 
stantially, W, (I Thorpe t 1963 k, <1. TembfOCfc P. Ft. Marlcr 

and W. H, Hamilton {1966k K A. HLnde (1?66k and J, Allmann 
1,1966) must be menliunfi). ■».' ethology is a young area of 

research,, iw Overall framework as yet ejtisii. Thu* u can be debated 
Imsw extensively hormone physiology or sensory physiology should 
be covered. Depending on whether a student of behavior is oriented 
lowafd a c^nipaTative-rmirpJioloe.ical or romparariTC-physioIsjgjMlI 
poim of view, bis study could be expected to reflect hts particular 
preference. In basing this book on specifically Loremi pm views, I 
Jiavc nevertheless ollcmpted lu present all oilier current viewpoints 
aS well- 

As a colleague of Konrad Lwcnt it has been my privilege so be 
a pari of ihe development of c-Lhedogy in mu; of ib decisive phases, 
As early as L3M6 1 was introduced by Oho Koenig, at ?h< biological 
Station ^Villiclminerberg near Vienna, to the- problems ^nd insthird* 
otogy of this research area- 

Since 1949 1 have worked with Konrad Lorens, whom I fulkiwed 
m 1951 to the Man Planck Intitule for Behavioral Physiology in 
Seewi«en. near Munich, Germany. My special jiitemis -were direcled 
tow-ard the phylogenetic adaptations in Ihe behavior of mammals 
and io the t|uesllon of how, daring the course of development ai 
young ami mats, innate and acquired behavioral elements bec-aine 
Linked into new functional units. In addition. ] investigated by com- 
parative methods, ihe funclion and phytogeny of expressive move- 
hlE-htv of veftrhiate* and because actqwairtied with many different 
groups of animals. J received many si insulating new ideas from re¬ 
search expeditions info the’ tropics, 1o w hich I was repeatedly invited 
by my friend Hans Hass. Ihe abunjani animal life in. the coral reefs 
led me So a deeper appreciation of Ihe ecology of behavior. Edhc- 
togiciil studies cm various vertebrates (ben led to additional problems 
onneemirag man. prohlertci 1 urn presently studying with Hans Hass. 

While making plans for this book I derived great value fforii the 
slimulating discussions with my colleagues ai the Max Planck 
Institute for Behavioral Physiology, where practically .ill the tmpur- 
lanl lines of behavior research are represented I wish to thank all 
Ihe members of this imiiinLion. Ibis book is bused on a previous 
book of mine which firsi appeared in the Hand bitch dcr Hiologic 
tAkadcmhehc Verlagsgesellwhai’l AlhenaicmJ, and has here been 
expanded and adapted to meet ihe needs of students. 

I wish lo (hank my esteemed teacher and friend Konrad Uerm 
for all hi, emawfagemen! and help. I want io ih.mk especially my 
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friend Pr Flans for the many hours, of stimulating diieuwuon 
ns. well us |sir . 1-1 viibig me 10 participate in the expeditions to the 
tropical seas which were filled with mi many neve impressions for 
pic. I ilso w.in i lo dunk Olio Koenig for I us support whale I wjs on 
the stall! of the Biological -Station Wilhelm iitenboig from 1946 to 
|Q^9, Otto KoehEer, whose frank .ind encouraging crilidsin was of 
immerse benefit is? me. as well us my friends IS. Hisanslein, L. H. 
Hess. E. Ktinehamnser, P. I.eyhausen. p. Marier. J, Nknlui. E. 5. 
Reese. fl Siclnunn. II Scheme, N. Tinbergen, sod W. Wickler E 
remember «iih great pleasure ray collaboration with H. Sielmami 
while making Idris. 

Spcsi.il thanks nrc due all colleagues who contributed pictures 
and observations to this book, especially to (he illustrator Hermann 
Kucher, the Piper Publishing Com party for their sure in Lhe prepa¬ 
ration of lhe original German edition. and Holt. M-inehart and 
Winston. Ene.. for their help in preparing the English edition. 

As an Austrian citizen it is rsiy duty as well as pleasure to dunk 
Germany, the country where I am a guest. and itic Ma* klanek 
Gesclbehafi. the Deutsche ForsehunesgemeinschafL, the A. v. G winner 
Fouitdat ion, jitd the Ffrtz-Thyssc-n Foundation for the generous 
manner in which they have supported my work. 


I. E.-E. 


Secwtcsen, West Germany 
January ]970 
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1 A SHORT HISTORY 
OF ETHOLOGY 


KcJidUC’l iuan*l* of paUCIJi:- :I? UniC Investigation' of bcPliivior deal 
V* ilh sequence that. EfJ eon I MM Ip bodily chtnCKfiflin. AfC HOC 
.always visible, li is true chat even iIll development «i’ an uigHmsiJi 
can be thought of as a sequence usd il is possible to investigate its 
growth as a kind of ‘"behavior." However, in respect to mar o»3t 

lime pcmepiiLKi, bodily Miupfrorci appear 10 be static, and ihey van 
always be fixed as an an a 10 mica l preparation, Behavior patterns, 
however, must be artificially transformed inns spatial structures by 
means of molion piclurs fiIni and sound tape if they are to become 
a preparation and a remaining doc-urnem. 

Behavior is usually expressed as the niosemeni of muscles, some¬ 
times alto in the nttiviiy of glands or migration of pigments. Growth, 
swelling, and turgor m&vtmtntt, which aw elicited and directed by 
means of specific stimuli, comprise the behavior repertoire of planK 
of which C Darwin 11 817 ] 3, to my knowledge, was the lirsi invts.iU 
ealor (see F. Gessner [ 1^41 )|. In this boot we shall be concerned 
exclusively with the behavior of animals ;md man Just as one yarn 
speak of the study of behavior of smglc«IM organisms. one may 
also study the be has ior of the cells of an organism to-determine Ihe 
releasing slimuli for the movement of leucocytes, how sdwoWasti 
store calcium, or how ms Motycetts migrate to form a sporophorc 
Each cell possesses a behavior program ami resets to certain specific 
and directing stimuli. 

When an ethologist observes an anin.il performIng 4 certain 
action, he may nsk why the nnmtal bchirtt in Hu:-, _u«d nor some 
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other manner, tf we hear a bird wn|. we may ask just wh; n does 
so. In what way does hi* song contribute to- the preservation of ihat 
particular species; that is, what selective advantage does Hie song 
eonl'er upon the animal? With q uestions about ihe specific aditpla- 
[ion or fund ion of behavior, tlie - clhulugkt eTeiek app7&aeh» Lhv 
mitres Is of ihe eoriogfe t- 

~On« ihe function of a behavior is known, one ran ask bow ii 
developed. During ihe course of development in lire young animal 
ihe process of diHereiuiarion and integration of beJiai ior patterns 
ran frequently be observed directly. FlboloRitls e mploy ihe metho ds 
vl k^i:ipar.iiis v n:i>rpk■ ■'.•£■■■ < v, W'icUcr INMa. 196?bl) to investigate 
beh.itiora l pijbgrny, 

Beftjviut always lias a cause. Fxicriial sensory stimuli are just as 
resp.iiisihte for its manifesta tion as internal drive mechanisms of ^ 
een Ira I nervous sydem Datura . IjgnrivrKs, arid internal sensory 
slLmuli. These physiological cause* of behavior are also ihe subject of 
cthotogfeal investigation, making, in Hits way a bridge with physiology, 
whose method* art often employed. However, where physiologists 
generally try to act an understanding of the simplest behavior pot. 
lerns tfor example, heartbeat, respiration, muscular reflexes, and 
function of isolated muscle fibers) ethologists—who come mainly 
from zoology—investigate primarily the behavior of ihe total organism 
and its relationships with the organic and inorganic environment. 
They usually investigate the complex and well-integrated 1'aiw.lioning 
of various ntuado group? and less frequently Ihe fund km of isolated 
parts rhji were removed from the whole They work, in other words, 
at a higher level of integration than ihe physiologists, although their 
areas of research arc by no means sharp!) delined. 

Students of Ihe biology of behavior share ihe particular concern 
wcttTTTie hfl-fcu s ior of the whole organism wilh some schools of 
psvJKiilogy. There is nothing mystical about Ihe term "wholeiKM," 
a point that is made dear especially by the cybernetic study of 
behavior. Feedback Systems operate within the whole organism, but 
are nevertheless subject to cous.il analysts (K. Hassenslein. 1%6) 

Psychologists and ethologists have developed their formulations 
about behavior from different points of view. Ikvehology is derived 
from philosophy, Relatively early ii became involved in [he 
mecharism-vitalism controversy, the result of which K, LOKft* 
11950a. 19Mb. 1957) had discussed at Some length. VicalLsis were 
excellent observers of animals as a rule, bgi they did not look fora 
Causal analysis ef behavior. They considered the behavior of Ihe 
whole organism to be unanalysable by mechanistic methods, invtcari. 
ihev postulated as final cauirfs entelechial soul-like factors and unfail¬ 
ing inexplicable irdincls. ♦‘We consider an instinct bin we do not 
es plain it" said S- A. Uicrenv dc Haan (1940). I Sic American school 
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|Mf|*»«e psycho It-gy alir? contains ,i nrQA| vitjlisuc bias The 
investigators of I his croup cm phasic i h>n ■ brtijvjor purpose full*, 
directed uwHd a specific goal. In their view, this jmj directs ihe 
activity as a specific modtation, I he aiumnl is motivated hv 
arrctes (ha! require no further explanation (W McDouall |9Jft: L. 
C. Tolnun 193?: EL. S. Russell [93135, finally. a number ■of Gestalt 
psjTditrfojgisIs employ concepts of wholeness |GowA^r) in <hc manner 
in which Dmtth uw< "enleLechy"’ (F. Krueger I9JK| 

The mechanistic scht^ffmThe other hand. have been conimLpd 
since Descartes (hat all behavior can be derived in the linal analysis 
from physical laws. The concept of wholeness. in their view misused 
by the vitalisis. is rejected by them Furthermore, they ignore sub. 
jeclive phenomena and describe only ihai which is objectivelv 
observable. asserting that otic cannot make reliable suicmenis about 
the experience* of other Organ isms, They adhere to a “psychol¬ 
ogy wilhottt (he mind" They all search for elements with which 
they can bufl-d up ever complex behavior. A- Hat he had already 
wmed against a subjectivistic psychology in J. Loch (19131 

;n his theory of tiopisms endeavored to establish a purely mechan¬ 
istic Of mathinelike evpkin.ilion of (he behavior of animals. Reflex,, 
dingy, founded and developed by VV. BechLercw 11913 ) and 3. I s . 
p-avkw (19?7>. eifdainv all behavior on the basis of conditioned 
and unconditioned relieves and asseti- ih:it complex sequences of 
behavior are nothing but chain reflexes (j. Lneb |9|3; II E, 
Ziegler 39^01 The concept of instinct as misapplied by the vitalism 
was rejecicd by the teflesolcgists, Similar is (he position of Some 
American behavitwisis who repudiate terms sulIi as feeling, atttn- 
(ton. and will, asserting instead tli.it one can only determine stimuli 
and read ions and (he laws governing (heir interactions. On the 
whole ibis aucnigri has validity when we deal wilh an animal whose 
subjective '"inner experience'" is forever closed to us because of 
reasons implied tit the theory of cognition. We may assume that 
subjective phenomena pCay a role in (he behavior of animals, but 
we cannot say anything, specific about them. I'he temptation to 
reason by analogy from our own experiences to similar ones in 
higher animal* i» constantly presem. particularly in those who lino* 
animals well, bet such reasoning can he no substitute for proof and 
becomes less valid Ihe more dissimilar a species is from Our own, 
About the subjective experiences of our fellowman. however, we 
obtain objective data not only through seif-obsenalion bul also 
Itoitt (he reports of others. In spite of the fact that definite Statements 
earn not be made about an animal's subjective experiences, many 
concepts of j subjective nature are suit used today. ETiysiotoeiils 
speak of hunger nod thirst, This find of shorthand description is 
useful jf for no Other reason Hum that it is generally understood 
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UJ the rcpresmtatk American behsvittfisis unty l b Watson j l'9 , 30). 
E. L. Thoiwlib H91I), K. S. Lash ley ('IMS}, and B. F. Stiltner 
tlWt frill be men I ioned. Beaune the founder of behaviorism, i. ft. 
Watson, stressed the influence of the environment, subsequent 
irsvcs-ligations tended to focus on learning phenomena and frequently 
overlooked die inherited and innate hate* ol‘ behavior. 

These mechanistic schools have been accused of a certain oik- 
sided ness—justifiably so where an attempt wus made id elevate one 
expl-amiwry principle to the level or an all-inclusive one I bus J. 
Loeb wrongly generalized his discoveries into his theory of trupisms. 
His tuflttllariii and insects, which normally move toward or away 
from light. moved in circles when blinded in one eye. From this he 
concluded that normally the equally strong tlimu lattM of sensory 
organs on ihe Left and right would neutralize opposing muscle con¬ 
tractions on both sides of the body- On (he basis of aoeh simple 
rclkj.es he attempted 10 explain ell oriented movements as tropisms. 
which in fact they are not. 

For the longest time tell ecologists and behaviorists overtooked 
spontaneity of behavior, which was not readily observable in their 
parlioplar experimental situations For them all behavior consisted 
of motions to jiimulatipn. They clung overtersudously to an expert. 
mcrstal method nmee it was found successful (for esample, the mare 
experiment}. and this resulted in a certain emc-sidedne-is. Some ex¬ 
treme proponents nf behaviotism consider all behavior the result ol 
learning processes. They state that the environment alone deter¬ 
mines Lhe behavior of the animal during the course of his ontogent, 
,i view that wiki be discussed in more detail later. Rehaviorisls and 
refleaokigisls have made ecuitfibuiions to the study of behavior 
through the rigorous application of Ihe scientific method: and this 
is. especially true in respect to the phenomena of learning 

Ethology emerged as another discipline exploring these research 
areas in, Ihe natural sciences. H developed out of zoology, especially 
through ihe work of K Lorenz and N. I iobergen, and is bused on 
the discovery of phylogenetic udapljlions in behavior. However. Hie 
knowledge Lhol some behavior is relatively uninfluenced hy indi¬ 
vidual experience is much older, As curly us 11 |h F. A. v. Pemau 
knew tli.ii animals possessed innate skills in addition to those they 
acquired, behavior patlems that (hey did not have to lep.ni by 
imitation or other forms of training, He described (lie behavior 
patterns ih’ vj rimes birds and showed which species had to learn 
i heir sump front tltcir parents and which weic able to sing their 
species-typical songs without prior exposure to it upon becoming 
sexually mature, II 5. Rcmiurus wrote in a similar vein: 

Hg«* i.1o |hi; spifli-tf i".i1 Ehn ,im hen ',yi aisoul finding fOBflOS ol suptxwring 
ihernsqlfCsJ Bolts Cam .:ia no other ihjO 10 In-O by CfltcNnfl Thing and ci**ip- 
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is»y ■■ stcli; tit tough Lh«y jr*) »Qwar in ttieir own cnqvft-iiO than ia the 
(¥*v wh-sh iig Y H*'t Owl. tttil !h* (ownor already rdc with*i tf* .>l,:i!-i■.- ,ynj 
rto gnsq Iq arlJyltf unsaye 3 nur, If* as rtiuch as- hjq »nn qr -js:Bd 

j g«1M r Hy. of bM; tow Mai gnu Isas tusen cjmgjlii on he* n&i sto mows 
how so s®c-j*a anfl dos-iv '■.... T>e am an. on the other tiatoc who tan 
tort*¥ mow in rh# {*y jjnd. im« a HoNCm iir-mat by burrowing tjqc'r- 
wa'd, in HipuclatHjn gf ahEj gtligr wgrms w-Fiseh lymbto down, or bungs 
them w-ilh a t&f\ qr sjrtd which it throws ljs n JJfdO* 10 cewOi | hnin jfBd 
brtfig Ihfint inie Ins welt. Since these animals passuss by na:um SmcH 
sL. h if. Ehoi 1 vtsunlary ..clans which serve ihe pr*s*rvai>en cF itifrinsolraQ 
and ihflir l no, dfo mhei* martv v*«ibani uni ppas hlf. so they twss-osi tiy 
certaifi tf*nar« s-Mli. . . . A yniai number dI ?he-r artulic 4 * 1*03 are 
perlonnod w.mouil error jt bifl» Without «*i*rnBl eiqerumca, education, or 
f , jnip.i!e arm mid ihui mbe«n col-uruM? and inherited. One parr ol these 
en> H4 <rn« •* nw e>pressod «nt*i a esrtj.'t age and conduipn has seen 
■obcHki. or 15 mis oertorifhiKi only ontii m a liFsnma, bui even then jt i; 
done tjy gli m a Similar marvnae and win eO'flSUtflfc iegjiai 1y. Far iheje 
•ease** these f^it* 4r « ngr waurptf hr pr«i«o. ... But not is 

daieirnuied. compin'! ciy hi Ihe m.ves d Ihe arunals. .led Fr#iSr^Si'.'il-, the* 
adjust, Ot lh»j owfl volition, stoir actions Id n-eei yariDus circumstances, in 
4rovt end Q^traofdinji Y ways. . . j For il eveiylhiivg aid all at :heir 
nanyral pjwgrs were to 33* deierffm«l corsipleie^, 1*131 ri. watvld possess 
Ihe hi^hesl degree af delfminalsBin. ihev would be IdeiOSS Sftd rn^phaiiicjl 
•eihe* |hj-i ernJ.3wied wilh the powers g! living etimalj. 

D. A. Sliding dcmonstraitd die ftie.tpra.tton of mtiaie 

hchjtvKip piMcms when he roisctl swallows in ca^cs so sina]! thai 
Lhcv oobld not flip lheir Vi ingv. In sjri l<: of ihi* the birds flew es«l- 
lenlh when, fiisl given Lhc opportunLly to do so. Innate ftchavior 
patterns have aJso been reponed by R. A. F. ReedmMF (ITJ4-1743}, 
A. J. Kfisel v. Rtsscnhof 1.1746-17M}, B A Hum {1S6S>. G. Beckham 
and E- IVckhim tidtt l H. habr^ | IS79-1^10). 

W James (IS9U> pfcstitteJ a Hhntogfhli mephqmviic defimliLsn oF 
itiMmet. Ik colled inslmets the ccureEates of the organs. Jusi as an 
aftifttal has certain ^tganv, ifl also possesses ora inborn ability to use 
Lherat. and this is fob nded (span a given neural organ i/o I ion. G. 
LCoyd .Vlorgan {1594. 1900) expressed hifiisclf ia q ■■imilar manner 
when he said Ihat Ihe structure of Ihe central alert ous sysLcan. which 
underlies insiintts, is the result of phylogenetic evolution. 

As the direct forefuit ncjs uj ci.holc^v Vw^cr, ho w'lvide: < 
D.ir* i~r m?i ^ O WKilfliis t HM» | I919L O. ileJprotli < 191 0k. 
and W t 1 M If. Ilk work on the esprecise i;ioi ctncnlv i'l 

mar. and aniniLais l\)fwin wtus the first to introduce tiie comparative 
phylLi^eftpiic method into the study of behavior, llelrtroth in veMi.gjiied 
Ihe svstemalici of closely related spec-ie-s of duels and geese, and 
Vs'hliman did the same for pigeons and doves. In their search for 
systematically useful charattertslics. they enccninfen'd prcdieiahlc 
itiborn behavior patterns, which were characteristic for certain sy- 
lematsc categories in the same way as morphcdogkal charaetcrlsiics. 










a SrtMT N-STQttir OF ETmQlOGt 


Jjs siiLif graded sinilarilin Ik)' could reveal i|k- decree ofdbse me 
distani relsiionship of the liUta, Ifcmrtth called these behavior pat- 

Cf/IL-, “;'LCltJ^C]iL- Tricbhandl Un'I^Cil. L ' 

W. Craig (I9IS) was the first to disiinguidk tin- stereotyped 
eatunmnuawty ocrrdii, Iroill the more v.LEijhli; initial appffifiVf hr- 
hmior. winch rs a search far (be appropriate releasing slimulus 
siiwaiEiOpV, 

Great influence was cAentd upon ihe development uf ethology 
by J. v. UenfealJ i 19'1 1 . a. lie conducted tiptrinmu lo in^$h^li; (he 
inlerrehilians bdutin organisms and their environment. Ik showed 
ihai an animal can perceive only a limited pan of its poienlial 
enviranmem with its sense organs. Some of these perceived, char- 
act eristics of the environment serve as speeilk cues. Aeetwd iii£ Lti 
UcxMvIl only (hose objccls serve as cues which are of significance 
in the life of an animal, thereby becoming Ihe bearers of meaning 
for ihe subject |see p. M>. 

Tht aposarsnoa ci an object Kvt boated ms tho pereopiu-ai he-td o( a autv 
*«r always fr« an o+ioct svhicn imparls luncnonai sigmiicanc* -lenot-roi ouosj 

to ‘h* abject. The abcclar euq gr mean ng gMingoiShes liie lecoptoi cue 
Di meai»Mig arid bungs the action to an and Toe o+ioctiy c.LrQ may be 

otouciivohr eiiinguTiseiJ (eaieo il ii is (pod), or it may be ubicativniy ex- 

Mi<njistv«j Sy sai anan, when th* BimmiSis fv ien of ihe sense organ is 

tiwmici o+i As soon as rh« ohoeior cue oi the ebjsci on nguisnes ns per. 

ceplual clc. the lun.ctiorn cycle passing Imn I he eb^ACl ir'Oi.j" Iho :...! |hi, i 
and agave lg Ihe pbjecl >i cgmpl 9 l«t v, UeskiiF 1337 : 34]_ 

Figuratively speaking, each animal subjecl grasps iis object wi.Lh 
the two arms df it forceps (rerepkir and e Ifcctor) and impresses 
upon it receptor and cjfoenw cues (m curving) (Fig. I j. UexLull 
illustrates Lhis schema of a functional cycle with the example of 
ihe tick. Mated females climb bushes and wail unlit a mammal 
passes by, When (hey perceive ihe odor of bulyrk acid, which is 
secreted by the skin glands of all mammals, Ihcy release iheir grip 

Figure 1. FievciRMIEri eyet*.. FA*trpSUJ»l F*IO 

■Anr i J. u. JrnsfaJ jl925t;i 
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a»iJ drop If Ihes should hot something warm, they begin to vraidi 
far on aiov of akin free of hoir, bor* through with their head. and 
suek in blood unlil full However, other warm liquids ;iel- uiprtpaed 
as well, as was shown dming experiments with artiftctol me mb rones. 
If we now fir into the schema of die fageiioriaL cvcle ibe lick as the 
subjnccl and the mamrei.nl as the object, we eon see ih.ii ihi'cc fktne- 
tional tydei run s>FT according to plan: 

Tin; aim cj s'lds pi thn n-i.xrwnal cnnjMi.ie rhp cv* twar-ur tnf ih* IWsi c>c -fi. 
ture.iusq thfl SIcTSuluS pi buTyi'i SCrtJ rulojiSS in Ihc ngceplgr organ speeili'i 
roeeptc* cues wt*Oh oro|8trfld our* yd as an oiiaetory eu». Tnus* 
pf&SO-WfLS '*i lire rrtceplpr organ mrSucei pujw s epe inpivn.i in in* olfpeior 
organ .ipp'Opnai-v inspulMS which causu In* itkivo? at me legs end iha 
dropping Sown lh» tsimg pcfc .nipares to m* htir ol iha maoireiai ih* 
.jlteCTOr ci* O' in# col -5ion. Winch in torn .y rijeiu.r coo hr mean* 

gf ishich ih* oMacioiy cue of butyric acd Or-epmas exiingnHSheri, Thn nnw 
eve rclMisas I he Miieh lev J hau'fttB spel wh4<« in* £u* — wiirmin —liAel 
over, vsti ;h resuils in ihe baring Through (J- v. Itertoll six! G. KnSjifl I 93*1, 
new ed. l963:2d). 

K, 2> wn$ the urst to apprcei,ne thy fu|j significance 

of chesf disLoveties (L9^i, LV'J7j. Aided li>. a we.ihh of his own oh- 
servalicws as a basis for indue Lion he proposed a synthesis which 
forms Ihe basis of ethology The core of his investigations was at 
nr si the innate motor pattern. He recognized ihc spontaneity that 
ufldfflies instinctive movements ip. a physiological event of 
great importance which had been overlooked by Lhe dacsical reflex- 

tigior 2 rSDn'jO lor* in, 

tPhswgrjph n c.se+uso 
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4 SHORT HsSTOBt of FTKU.06V 


edngriis He inve-sii□cilcd the key stimuli ihai retiMsc ;i specific behavior 
prior to ,iM mperienW <p, W] and studied Lhc phylogenesis and onto¬ 
genesis of irnuiir behavior paiierns. In the ' inslincl—l earning inter¬ 
calation" lit fou nd a new m ode of integration ti( inn;iH; and mi*|uiicd 
component, (p. 2G&J. and in the phcnoniefioii of iisiprijiurie cp. 226 i 
he discovered an inborn di'-pusition io hum, of special significance. 
Over anij over lit emphasized lhe importance of these diwovcfrts 
For lhc sciences dealing with nun. 

In 1937 the first volume of Zelf thrift far Tkrpsytliotogk. eon- 
MSting of 289 pagf., appeared. Mow the yearly volume is three lime- 
this size, In 194K the journal Behaviour \ Brill. Holland} began pub¬ 
lication. and since J953 the Bnmh Journal for Animat Behavior 
{Animat ih-tinvior f,inee 1958;) and since 196* Rente du Comporw- 
inttu Animat has joined those journals. whiclt deal primarily with 
list new science of behavior. Today one ja.cn c rally lallcs about the 
comparative study of hchtu ior (Wj^irWr VcrimtienJjrtcha > 
or ethology (elhus habit, manner>■ The term “eiholo^j" had pre¬ 
viously been iiwd by hiriSngiits and covered what today falls under 
(he heading ' ’ecology" (L. Dolkt 1895, 1909), J, S, Mill (IH3i 
understood by this term ’’lhc exact science of human mil tire" 
From 1907 to 1940 the Zoologist Rworrf carried a on 

tiliology—meaning the study of behavior—for each class of animals. 
Since 1951 (see N. Tinbereen |I95I| and Tig. 3) the term has bcLuinc 
generally accepted as referring Lo this specific branch of the natural 
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ic>cii4tf, The main empfosfe of cihot^gkaf research aniiiatly dealt 
wiih tht "scudy ef ins.|j(K['' hii| without hecnj LimJied hi 11ti v. 
tiillllMfili" ^ ^ njiviaJ SvU'dfc, a hiuiich of tiiulug,), from udiish ii 
ll’h^ [J-il L.'iiijMMinc rfielhoj mr ihe study «j behavioral «U,ijP1luUj*3 
nnd Ihe analytic jneihod fat ihc ^auaaL aiuiijMs of htluvioral 
Ms J?!J^J?bK-;il.^sc lj .1 uiiical realism, Us onenEacinn 
ii nea-DantiitBiic and it en^iy* a fruitful exchange of ij L -^ 
fltJigr schools oTbeWk r, especially with behaviorism, and irccajs- 
jriLdy with Russian Softools ([ V, KrasliLnsk.ii |%2j. 









2 THE ETHOGRAM: 

A BEHAVIORAL INVENTORY 


Science begtns with tin- description and gork^Eio n of the cvecili 
;i ‘ lu Jics. The basis of ea ch cifiolo ^ ical invesi i£a1 ion is Ih e^ifragrciw, 
the preci se catalog ue of .til ihc behavior paiieras Hjf ail ani mal , 
this cahii^ue one ydtoel* fiinttionsil uni is of behavior vfliicb are 
neh her in.. tin..Is urn l.s• I..ire In pan hill- il is noi loo difficult to 
firSTTWefi ensile nreugni./.ihk fuitciiMul units which are constant in 
form, such as scratching, tjiewing, and hej-d-up 1ail-up The 
honalion Lhal each behavioral slosly of an .mumal species hegirn 
with Mil establishment of a behavior inventory was male as curly 
as 1906 by H. 5. Jennings (1906). who called ihcm action sj/sstmt. 

It seems aniwnatic that ihe species siudied should be accuralcty 
classified. However, with some animals 111 is is no I set easily done In 
such eases W. Wictlei \1960a t su 2 ,c.ests lhal a specimen of the species 
studied he vent lo a museum, and lhal the museum's name iuid 
oddrew us well ns the Catak>gue number lJ’ rhe speeinten be ineluded 
in ihc publication. Should llte need arise, other invesligatW* can 
then reexamine and if necessary reclassify the Specimen. A, Seif* 
llWGj and t,. k, Aronson (1949) originally were ihoughl to he 
studying the same ciehlid fish, 'i'ihtpw riTitcrwcfihata Sleeker. Their 
results did nm agree. Whether or not Lhey actually worked with line' 
tame ipedcs c,in no tenser be determined, bemuse neither of the 
investigators preserved sample specimens. 

C Ml- dpwripijcin <J f » L behavior p:Lt[L-rn .Ju'uU inetude each ds-Liii.1 
•i i : ... ev l ill Su. i a ,! i'.-. ...i- 1 a! dese ripi. on ., i lev er s*miplele in ;iecu,■ I ity. 
because the observer usually omits what is not impoftanl lo him. 
rO 






fh4 l fHOGHAM W RFHAVI&ftAl IMVfHTQA.1T 1i 

For [hi-, reason moiion picture tlhi'i li;^ become Jhe ethologist's 
roust impoftam means of documentation, 

On llIni Lhe behavior patterns become lijuid and can be pre¬ 
served for lalcr comparison, In addHLion. fust ansi slow motion 
allow fiw i he an .1 Is ms of J.iia that wogij not normally be accessible 
lo direct observation. I he slow-mclion technique has frequently 
been osej EU make visible fw 1he (toman eye cv«ils (hat run off 1X50 
«|xi ick Iv Eo be perceived. The value of (he speeding-op iZcitralferJ 
Ixwhnnjuc has hardly been reeognpxd in ethology. This is especially 
uue for human ethology tp. 413). The Institute for Scientific Mint 
(Insltlul for den Wiswiufili^Kn Him) in Gbuirigen. Germany, 
has been assembling an. archive of technically perfect mmtfofl picture 
films (16 m iti> of behavior sequences which is called the F.ncvctopaed ia 
CinefiiUiEigrfiphita tG. Wolf 1957a. 1957b). 1 fin the United States 
these Films and many tubers are now available from Audio-Visual 
Services, 6 Willard building,. The Pennsylvania, state University. 
University Park. Pennsylvania 16802. Copies of the English 11 audio 
(ion of Him lilies can be obtained and films may he rented for a 
small charge.) 

Frequent ly behavior is described according; to Lis /um-tmn. In 
( bis case one focuses on the goal rather I ban or the move meal to- 
onJjo.ilhiio leading ld it. "‘Carrying in" or ’"nesi building" are 
functional termi. However, they already include an interpret!km of 
die observer L and therefore ibis procedure involves a veil,mi risk 
(h. A. Hinds 1959). 

In order lo record a sequence of movement patients with respect 
10 duration, frequency, and ielibu position in lime to one an¬ 
other, without interrupting the continuous observations, one may 
use mullichanrel-cvcinl records. Each of a number of previously 
selected behavior puttems is represented by a particular k*>‘ which 
activates a pen. Pressing down the key records Ihe event on a paper 
roll, which motes al one of several con slant Tales of speed- 

Most observations are made on captive animals, and this Has 
cerlain datad vantages. Lack of an opportunity to hum, (i(iloff, .ntd 
sxi m. may lead to dittortloxis in behavior—especially in mammals 
ih.tt normally are quiie active. Pacing back and forth retracing the 
same paths, swinging to and fro, and other movement stereotypes 
can often be observed (M Holrapfcl 193S. 1939) Such behavior 
may have various causes. An armadillo in (be Amsterdam ZOO 
slopped its stereotyped movements at o*)« when (he boUorn if its 
hitherto bare cage was coveted with a layer of earth. 20 cm Jeep, 
so that the animal could bury itself at night in order to sleep. 

1 5rv* 1964. tMiwumuttny on ihw* hi-r-s ol ntw* vt* » tt*"**l @l 

hfc* to putSislMd .n bttcnm to SchuH 4* FiHiy i PjiUtMionAn jo »iMiMcnailfehti* 
F.rfTW? tT IJ5# hiHWi tji Ifrr- Wlmttoiichii'ik.tMn f.Hi. Goitrtsyer.. 
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The stereotyped iciovimcnls reappeared when the floor was, cleaned 
of i he earth. H. i ledger [I9a2> discussed i hirge nuinher of addi- 
iioii.il behavior aberrations found in captivity. Higher isi animals 
frequently sutfer from a lack oF opportunity for various activities, 
which t«d many runs to initiate what might be termed “writ 
therapy."' Breeding frequently fails because the animals do not mate 
or do not nitre their young, Observations in the natural environment 
often kJtd 1o a correction of the problems, O, Koenig (1951) was 
able to induce his bearded Litmiec- to breed., but the parenLs threw 
their yi.i-.ny_; out of the nest shortly after hatching. Thy cause was 
found in the overabundance of Food he had provided: The parents 
stuffed their young Full sn a very short time, and when they re¬ 
lumed to feed Ihcm more the young no longer gaped; this can 
never happen in the wild, because the parents spend a eertaim 
length of Lime in search of feud. In the wild, young titmice that 
do not gape are either sick or dead and are removed from the 
nest by the pit rents. The captive bearded titmice behaved toward 
their mwvgaping young » if they were dead. It ttu sutlieient 10 
olfer food to the captive birds in small. Infrequent portions to correct 
this problem. 

Many other disturbances of behavior m eaptise animate have 
similar causes. If one knows the animal welt they can be corrected. 
It is by no means true that captive animals always behave ab¬ 
normally and that observations in captivity are therefore of little 
value, as is sometimes asserted!. A number of excellent studies attest lo 
the opposite (IT Kuirmur 1957. 1 ; H. Kummer and F- Kurt 196H 
Details of behavior van he observed only during close and con¬ 
tinuing contact with, a particular species. Distortions Can be mm* 
rimed if one maintains the animals relatively free In ibeir natural 
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environment. k, Lorenz chose lbr>. mean* nhcn he settled his jack- 
daws near hiv home in AtLemberg aftd permitted ihem do Hy free. 
His grayfojt geese and ducks. ha\e b*«t xnled bv raising ant! feeding 
them year-round near a small lake, where they move about freely 
tFig. 43. C R Carpenter introdu^d ;i group of iheiini monkeys to 
the island of Case* Santiago (Puerto Raced in 1938. This colony has 
since been almost constantly observed ip, 359.1. P Krtm and K. Kr^ii 
1 I963| raised European brown hears in the wild and: observed iliem 
1 here, ]i » rare to be able toobsene a larger number of amrhah in 
Lhe wild for longer periods of time. J. GooJull 1 |9b3, I MS I h;i> been 
tamping For sears in a valley tiut is inhabited by chimpanzees 
near kigOma. Tanzania (Tane.myil.ai. (King to her grcai p:i Lienee, 
the chimpanzees gradually became used 10 her presence and iodav 
they move without fear around her r.mipMte. She can feed or groom 
them and ihet oen solicit her to play with them <Hig 51, Addi¬ 
tional examples ibat : I In* I rate the value of observations in the wild 
are given by the works of M. Aliicunn 1 19331. ) V King (193$!. 
) Adantv.>rt (I96®|. L Oiikr (W’J. N. Tinbergen (19*3). s, l, 
Washbtitii and 1 DeV'ore (Wt). I DeVore 119631, 0 U. Schallcr 
(1963k VC kobme flWjj, and F. R. U jliher (1%; 1 
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Ob^r^.thiMLs ill Oi# wjjd and in eaptiviIy vumpUniviil t^hjtlhcr. 
n ltd :i diK'U'Mon l>J’ I lie rtlaEavt niinlv ilf eanl). niElliLh.1 yviiu Id he 

superfluous. 

The unbiased o bsci valicm and recording of behavior paiierni is 
also a prvtes|iM')(K lira the uricnlilbL iludy.uf nun from ;m ettiolftg.icflT’ 
p'. irit of view. Thar rhe ethology of himun behavior is ewity mv* 
beginning may be *een from (he fact dial today there cxisis hardly 
one motion piclurc doeum-cnl. of natural human behavior u hurh is- 
published and on tile tpp. 512 fl'). 








3 THE FIXED ACTION PATTERN 
(INBORN SKILLS) 


Fixed action pattern 
and its taxis component 

Eh i;,c behavioral of an .muiirfi one enoounL cj& rceogniz- 

aBt, and therefore '■fora-wniUinr hhvvcaiciw Mint do not Ii.iu- 10 
hi; learned. b> ilie j iiliital and provide, tile inorphok^ul -J.if- 
aciemika dijiin^uL'liing features of a species In manner of 
’ipejltirij we are confronted with 'inn,Ate si ills “ Sue|j_Liin,jic nnive- 
merl cwrdi nation have been calkd Jyf.ftf a-csiun patte-rrii ilis.ed p.il- 
lefils) tM irnlinctftr nwrertifiiis |k Lorenz 1953): K. l,i»rni/ and S. 
Tinbergen 193S) — and ilie Germa n (ef-iit Erbkoordinaiion tin- 
berited ewriUnaliLin j demNc* ifout the innaleness of 1 he*.e ’.i^vivekis 
lj die deriving. CfitejW(U (lei <litranslation the term “iked .action 
paMern” will be used, been use it k nuw n ivdl-eil-n Wished term in 
the English-language cihitkigit.il Isuramre.) This inn ,ilvjjia> i> riol. 
hgurtver. nftrrtiiiLwd in ike slcroolvpcdse^ iacHge oflhtjr_ psilfillLJtt 
M. Koobhi fIMfr ) erfoncwt^lj tiltrifrole* To 1 ■■. but b) 

ire. 11 - f Kpcvifie cs perlmenu. that ■■'.ill -.I i sl Lj.L<4J ip m 

TTi’c form to i-i n\> m.ij '■■-■ j -ir.. ::£ mdieaiioji ih.,t dte nunenieni 
l» inh gri ( g ^. eaneciutb ^iuji J., rcl-.ilcd \ji.nw -i.njl.ir 

lOtwemeni pjitcras. ^'e.know. ho™c *ei rcvt:.ilU iI r..-i.^l■ dje 'iadj 
g^ju|_5yjjijtv i t J Sstidai ItHmi) that k-.n :-•! • i it mi jMiierns 

jInhi pkftM;s.e .1 li i fth_de ^ree of sit-rents iw. to il-.aL this erin-ruui jluiii: 

IS 




















IB TKl HXLU 1 ACTION PAtTiAA .IPiBONA SKHJLSj 

. -i ni:11: serve js .. dctniiLi.-I the fixed Jxlion pa I tern V- Wiekler 

IWHo! ‘ 

Although this has been tjnphauzcd fepo;iIudIji by elbolofisLs. 
i ho jiJt Mi icecjitiy aj, ]yfi7 (.-.cf / V Kuo | [■%?[>, or 

uncritically cvsncluding, on the basis of the siercoiyped chaf,deier , 7 i[LC 
and -.[Hi it •• spec! ficity only, that ii is proSNatTy eenerkaElv deter¬ 
mined. 

fn rtiHc behavior patterns may already be fully furugior-iil al the 
lime of hatching Of bitftti. A newly luichcd chick is swn able to 
walk, peck a! scot, sor.n-.li cm tlhc ground, and! drink. It lircs to 
Lhc mother hen when raptors appear, ii calls loudly when it has 
lost contact with its mother. and ii shakes itself when it has become 
*vl- Phese and many Oilier behavior pal terns are present from the 
time of hatching. The same holds, iruC for a ftoeplly haKhed duck¬ 
ling, bul its bell,inor deviates in impomant details from that of (he 
chicken. The duckling runs to lhc water, swims, dives, feeds below 
lhc surface. Slid oils its leathers. These dillertnCes hi the behavior 
of chicken and duck must be rooicd in liiIili Stance. because even 
a chick hatched and raised under a duck retains the chick char- 
acteristios, while a duckling hatched under a chicken runs Lo the 
water umd feeds «* the bollom with iLs bilk which is adapted for 
straining, in spite of Ibe foster mother* efforts, 10 eniiLe it away. 

Not all inborn behavior patterns arc L-jUv devd&pcj at the iinto 
of hatching. Some develop gradually as the animid gTnw-,^older, 
such as. the tvntple* courtship movement (It tad-up uil-iip, gftmt 
whistle, and so on) of ducks (p. IDT), Since ihcse behavior patterns 
develop in each male even if raised in isolation from other ducks, 
so thaL he has. no opportunity to imitate these complex behavior 
sequences, we assume lhal they, too. were inherited as -a phylo- 
gciielic adaptation and merely xesjuire a longer period Ol maturation. 

yVe will discuss Ictet in rriOfe detail what is meant by the form 
constancy of imcd action patterns i.p. 41). At this lime it should 
he minted run that a fixed action piiLtern can oc cur jI jft yejn-i levels 
ol intensilv. ranging from mere snlctiLio n movement*,. w Inch mUiLaic 
whal ;in anirnal is about to tin, to completely executed aLtioui. 
However,, even Iben the typical pattern is recognizable, sn the vtne 
manner <n which a rhythm, whether repeated slowly or rapidly, can he 
recoinr/cd as I he same prov ided the relative spacing of the sound 
impulses remains (he same. 

Fixed action jmiitnii usually proceed wit hout any trtdka uoB 

of iiisiatil iilEci the apeClCy pl exers inji I liillLji 'll of thlFTietlVliy Oat the 
part of the .mlnial, as is clearly shown by inappropriate actions 
(p, 23k Iff hen I he inner rcatffjptt Hi url [p, 44; o-'i IH'i de-- wilh lhc 
■ ■ TT 1 ‘ - e' 1 t s" rc kafcine Mimu Un oviUlLOD Ip. b4) in an iininul, (lieII 
. |..: .. .ii. . ',\cd HcrbMri j^|t course almost auto- 
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mutually. Thus a dog hiding a bone m the living room show ■. she 
movements t>fcovering it as if eanh were available- fjiu k she was 
his behavior is geneiutaJly preprogrammed So be adaptive in nature. 
He will turn several sanies before lying down, although theme is no 
grass to be 1 ram pled. 

b’ised action patterns n orm,alii puuiu u nit orienting gK'vemenjs 
or laxis mwnirna ^l <]f]| fhrin la contrast 10 the fixed .tenon p.ic- 
lerps. taxes rmpiiiL- lioLmhhhis directing Stimuli TO be :uli.L.ibi.\ 
The urim of and lived jli i^ -, i: pattern is the basis of insiiriaiir 
atiMiy . fntlinciivr b e quite com plfit &y \ he incorpo¬ 

ration of various L axis cojnpoDeciU they dcxjuifc a high •device of 
adj.pt ,.' i! : . ^,ic ihililj suitable 1o a particular situation. However, 
is eUn be sbuan uptm l-hmt c^.iminatson Lbal even here we arc 
JvTiTTfV^' "S^ilh genetically programmed behU'. i^r sequences While 
conarxictiisg a cocoon the spider Cttpitnalm tulci rirst produce* a 
(use ptiie, then a raised nnt u hkh provides the opening into which 
she eggs are deposited Having laid ihe eggs, the female doses (his 
opening. If she is disrupted while spinning her eocOw, aikr the 
base pHate has been completed, she will not produce a new base 
plase half an bour later when -.he builds a new cSKHI. hot instead 
spins only a few threads and then continues wish crnisiruction of the 
rim. so that the bottom of the cocoon remains open. If one counLs 
She number of spinning movements she performed for the purviews 
base plate and for the new substitute cocoon, the number roughI; 
equals Hie number normally used Lo build a complete cocoon She 
Sun available, so to speak a limited number of spinning movements - 
approximately 6400 dabbing movements. Thus number of movements 
is performed, even if. under abnormal circumstances, she is no longer 
able u> secrete any threads. This has happened when the glands dry 
up as a result of hot lights used during filming. In such instances she 
spider si ill produces her behavior program. Alter the appropriate 
number Of ineffectual dabbing movement* she wall ley her eggs, w hash 
w-dl then drop so ihe ground Then sIII continues as if she were 
closing Lbe rudimentary' cocoon, finally, She spider Srres to remove 
Ihis partsal struclurc from the substratum (M Metchera E^bdJ- 

The Spider is therefore not atfeeted by the success of her efforts. 
This can also be seen when such a spider is placed upon a half, 
completed structure The existing struLture is not taken, info account. 
Instead, she continues as if she were tilling on. her own cocoon, In 
this manner structures may be produced which are unsuitable lor 
receiving the eggs (M Mdchers I'XjO. J96Ji. 

The Complex KJCQon structure built by 1 he caterpillar of the rnoLb 
Plutrsuatui cetfopM is precisely programmed. The larvae spins three 
layers of a cocoon, Displacement experiments showed that it is mu 
incapable of continuing a cocoon Shat was already begun or of 
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|ir. -d , i, -n j 3 new uui<r layer in a new pi nee when ii k.ul already 
begun iis own elsewhere. It is unable to re-peat any of the layers. 
In ibis species ihe behavior is determined by (be amount of sub¬ 
stance m die glands. If the spinninig glands are filled 10 fiO percent 
of eapaeity, ilx animal will begin with the construction of Lhe inner 
coLCion layer, with j« accompanying change in the frequency of 
rotation about the body axis (AV. G, v.m dcr KIOOH and C M. WiL- 
liamv I 9 SJ). 

The manner in which taxis and lived action pattern are com- 
hmed into one instinctive Activity bs been tlltwa by K. LtXTCK and 
N Tinbergen (I^Jit) Iji the egg-rolling movement t>J’ the gray lag 
goose. If a gray I ig goose is presented with an egg outside her nesl, 
she will reach out i*ilh her bill Over and beyond the egg and pall it 
in with the underside of the bill, balancing it carefully b*ct into t,h«t 
nest l Tig- 0 ). This behavior may be hrofcen dm imo two compo¬ 
nents. If one removes ihe egg after Lhe rolling movement has been 
iiarted. then the movement continues in vacuo. The bird behaves 
as if the egg v-ere still there. However, the lateral balancing move¬ 
ments tease and the nest is pulled back in a straight line to the nesl 
Mns 11:1■ v eiIIL- r.< which ome icleased <aiL eorilimic n: ll .t .di'icnc-s: cl 
.njdiiioii.il l- sternal stimuli, is the fixed action paLtern. The lateral 
balancing movements are lhe orienting movements or compo- 
nents which arc aJvn inborn bui are discootinned in the absence of 
the releasing iiirmili. Taxis and fixed action paLtcrii are related to 
each other as lhe steering mechanism and the engine of a caT. Each 
change of direction tetioires an exlernal impulse, but the engine, 
once siaried, will oominuc wiihmit an csicrnal impulse. 
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White :l mate icicttchact fans his es^s hj^is positioned head n 
in front and active them When fanning spontaneously and without 
e££s lie i.v horizontal to the gfOurwi addon jpeiLLern and unis 

may matnre at different Limes during «*tto$ene!ns \ newborn mouse 
w,n ,lL lsn-1 show scratching movements in die ;ur with its hind legs. 
Withoui Loudiing its body. 

In ihe original coruvpl of a taxis (.orienting movement), the move, 
ni cnis of die animal .wen combined wjth ornialir.g mcnenicnlv N. 
TjjTj^er^ji XlS-51 j ibstjfKitctl ib.u u:ilj ike ,-jiupk turnup movement 
bg_ jaUed A Hxis. This separation of. U* is anrLJbtjed ^erkm padem 
beeomvN eijjceLjjjj ojmviis wliai lbi!> arc not eeupled buljwcur 
one aftef ike other. Tkis oceurs in ,i prey-catering frog who will up 
his bo4y pinir to Lhe attach with Us snout potnlanc dimlly toward 
the prey (Fiji. Hi. I his turning niflvtmcnt nr alignment with Che prey 
I- lhe (axis. whik the action strike comprises the fixed action pattern. 
[K liithifr^eiT 19S) K 

The original concept of taxi* is different fitoni Tinbergen's for* 
mulaliofi in this important respect in then Tinbergen uses the term to 
merely describe Lhc event, while \ Klihn Ined 10 charadcriie I he 
physiological mechanisms involved. 

I i iiv iih the distinction between clu- iiwJ .sc i kit pattern $od 
uos " n" mas] also Jistingmsl] between -uintuli th.ii release and those 
iFi.o steer or o rient fixed aclion ggrtlcrns I Tinbergen and LJ. J 
k mene it I9J9). 


Deprivation experiment— 
raising an animal while withholding 
specific information 


W'e have suited ih;ir behavior p-.iltem ■ may he inborn m .in animal 
How can ilie innaieness of behavior be experimentally demonstrated? 
[n recent years this panktiUir tjucstion has fanned a controversy 
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between erholctgists and some behnviorisls who subscribe io an, 
cnviranmenlalistic position 

fcilhukfl&lS m a intain (hat i he yici; %i iuji about i-imals: and aii|iii;c4 
component* uf animals' Lidlaviui Lari be jnswLJed if one raises an 
animal in isolation fro m ad oilier conspccilics. thus preventing any 
|i.r. 5 sb 3 c [mi|;iii^n md by making » impossible lo learn ihc behavior 
in fjvetlnin hv 1 frill .1 pel erfO/, 1 he value irf such >.rjj.firjf II ivrJ Tj'f 
exptifm e jitF Fas been questioned by some investigators i'\j 5i. L.ehr- 
man T. C Schmeirla 1636. r666: K A. Hindc 1966), They 

argued that it is impossible 10 raise an jiiinial w-dhotit any evpe-rb 
cnee. thtcju.se it Is always a part of an environ m em. even within the 
egg or (he uterus. md that it is always experiencing senfie(hing while 
mEefaCiing *'iih ns environment A paper by V Kuo (1932} Ls 
frequently cited: as an example of how a chick within the egg 'learns" 
the movement coordination of peeking at food: The head of the 
3-day-old embryo rests on the heart and is at first passively raised 
and lowered. At the same nmc the yolk sac is sold to provide tactile 
*1 im uliilion of the head, because it is moved hy amnion conlrad ions 
that arc jynchronoa* wnh the hemi beat. One day later the embryo 
bends its head actively when touched and opens and closes its beak. 
During these movements liquid is pressed into the mouth, which is 
swallowed from the tenth day on. In this way the initially isolated 
movement* Of swallowing, nodding, and beak opening become inte¬ 
grated into a stereotyped behavior pariem—a* Kuo sees it, hv 
'’experience." D. S. Lchrman (1553) equated this wilh learning and 
thus gave a clearer formulation 10 this position The chick is able to 
peek at food immediately after hatching. 

In response 10 these observations of kuo. k Lorenz. 1 396IJ raised 
the quecLion why other species of birds, which have similar experi¬ 
ences with their heartbeat within Ihc egg. do iw( peck hot gape 
svhilc other species, ducks, for example, strain the mud for food 
and suit others, such as doves, pul their bill into the moulh of (heir 
potent*. 

ft. A. Ilinde [1966* accept? Kuo's interpretation up 10 A certain 
degree and accuses us of making, I'un of his hypotheses. IHc writes: 
•Such suggestions have been greeted with ridicule by a number ■.►T 
wnters (fur example, K. LtiJcnjL 1961. I. Eibl-EIibesleldL. 1561; 
W U. Thorpe 1663), but it is difficult to see why" (p. 327*. 

We must rejccl this rcpr^ich. because we have admitted [he 
ptwiibiJiiy oJ'such learning [forexample, I EihS-Eibe*feldl11961 -7061 k 
Kuli's example wjs rejected as j speculation tbs l v.j:-. not eupcri- 
mentalLy supported, especially bec.iUM: it has Ion* been known pv 
I'feycr IS#$i (hai ji the lime (he thorax is a hie io move the chick's 
head passively, the cweedkin between sensory and motor neurbns 
in the spinal cord is not yet made, which escaped Kuo as welt as 
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uLI cnhers ho uncritical h queued him m supf^rl of ihdr hypotheses, 
|i is c'niitief known its a result of ihe careful insestiao lions of v. 
1 Jam burger t 1%.l. 19661 and ft. Oppciihcini 119661 ihl! chi’. Cnctile 
self-f-ttmubtson is irrelevant for the development nf i Ini h tsch-sviur, 
Thus, .is 4 rfioti of rcmviviil et Che amrikuk membrane there is no 
change in activity, and the hypotheses of Kuo are disproved. 1 
Theoretically the possihility remains that in other animals embrvot, 
stimulate I he ms ekes and Choi they learn from ihus (.tpcfkace. H pw. 
cver. even if this could btr (Kmn in a speotic instance. il would by 
no means do away with the concept of innate behavior. The impor¬ 
tant I .icl til j ; Dcquues an explanation Ujtic adopcacw'il of hcbavici 
pattgnu_jg_gei»jiii environmental tiiuaiipris. Behavior is m.jidvd 
t oward ib^m as t^ilLor gefn dupB^te madek. M K. Loreoi 
1196lb, 196SJ has. atpLaiiud, such an adjpL.it:..m .•: an wine 

about onK when :Jie organism 41 Seme time obtained information 
about -nih epsicatuHcacal -.oflungcncici iw which its InIuwji ta 
•iJapied A ’ipeviJi^ adapta tion retires I he interne Lion _$iLh j specific 
code o f infi-miJiiCMi. Inc aequisiiiyn of inivrmuiion can lake place 
in Hie course of I he development of the yeune animal. for example, 
through ifi 4cfive dialogue with ih envir onment, and™c kno w tod-iy 
tTTJl icifmf itdaptnikms in animals arc the remit oi trasiilWRs pys-ed 
oaTTSy some model fp. 11\ In all these instances she experience 
L&af hii been gained ts tiered pa the eeniral n ervous scent of ibe 
i r^iiyiJua l 

■\ specific adapUilion. however, is quite often itie result of phy¬ 
logenetic evolution In thai n.i-c the Species hat Come So Mnn wis h 
i ta environme nt. Natural selection is lhe 'leacherjJ’ s o to spe ak, and 
ifUL-uAiwed experience" tu> become preserved in the genome of 

the -pevies and bcetunc decoded during vnuigcftwis. 

* The expression “acquisition of information" ns applied to phvlo- 
ten ctJf Trddpfhfffllt may teem strange 10 those who Ihinli of the Chance 
fienTTlKar:ite involved in increasing the di.iiiet of iumu a] fo r an 
ampul 11 Ts ol first difficult lo speak of acquisition jjt jjiforma ttu r 
when a change in phenotype has come about itu'ovgh .the loss of a 
pari of J ckronmsonsi:. which then fesalis in adaplive ness. The iredi- 
vfluail In question did. in fact, not acquire inforirvHioo about its 
environment. If one looks at the lew: of the spcccei. Itowcvcf, we 
gain a new perspective, When ilie mare advan tageo us geno me be eins 
to uicrease iri frequency wiLhin a population^ the jner eosed licnw -. 
at IRc sp ecies level is com para hk in .mi aequ3silioa_ot i:il.‘::::.i' 

1 »<l * "tt+^l rSltl 'e*IK>ll « !',»! Hfl h<f it MS Hi 'r-y’-■■"3 *1‘. r Ji? m i 

h* •vrrsiMiwi. -’(MM, ah MtcejoiHUdimn ?•• wwt .-oc:.; ■- : ; v t :, ■, -.jssoafii 

IQtfl ,r |h4- C' n ' 'Z'jfrtf of trfllHflf of |tl4 Hi IrSf wiBTi lOf f^HOSMd 

HiJlM *!}*«. *S0 ihil h*l ir* |>I'l'j'SS'S betw <ctujt s.jrihing 

i! V Kc*9. IPS? w. Id^ 
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hecnuw from that mumenl on anjmieractkm with life environment 

begins tiy means i>I JUlUfil ScItOltOU- 

TlinT"adoptiUon always presupposes ih.it such an interaction has 
noL beer understood by those Critics w ho have been eonfierned wuh 
these questions (I'nf example. A. D, Blew |I9W|). 

I Ji l pull) by which a particular adiptation came about can be 
‘discovered wills tin; aid of a deprivation experiment. All Iftnl needs 
Lii be dune lv to w 11 hkiild Jnnn .1 ['lira mg animal il SpKiflf t:ind of 
information 10 which the behavior pattern being investigated is 
adapted. If I he subject soil showy appropriate, adaptive behavior, 
then we know that this specific adnptalivenev. is the result of phykw 
E'CiKlie evolution. 

Such behavior is adaptive as a result of inheritance, os distinguished 
from adapts e moilifiei'iiM’ns of heh.iv ivr which are acquired. If I he 
::!••• ;.'-"ei:elie ad.ipt Jtion is on the mutiir lirs el, we are dealing with 
fixed action pntU-ins. Tt may, however, also lie or the receptor side 
as a selective stimulus filter by means of which an animal reacts 
witfi specific behavior pattern* to specilic stimuli or slim ulus configu¬ 
rations prior w -ill neCfvsaiy experience (p Mt [n addition. I here 
.re innale iJisposiiiyus to learn tp- 2l?J and jcioliv aiiitg mechanisms 
ill;ii result from phylogenetic adaptation, causing the animal to ill! 
as a resit 11 of inner drives. Instead of using I he term phy logcnc tic ally 
adapted. »« oflen say inn-.Uc or "'instinctive;.” 

L- CmMarl tlDJfc, I9JT. I9’k) raised tadpoles under perma¬ 
nent narcosis lacetone chloroform) until such Lime as control animals 
could swim well. When he withdrew Ihe narcotic, the experimental 
animals swam as well although Ihey had been unable to practise. 
When A FfOmms t!9J]> repeated these e^penmenis. the expert- 
aiicniaI animats did ami swim As well as the controls, but were 
nevertheless able to do so. 

J Grohmam (11139) raised pigeons in cages so small that chev 
were unable to flap Lhur wines. 11c released them when their control 
siblings were able to lly In spue of being prevented front practicing 
they Hew well. 

in ihcsc instances the e xperi ments showed that the behavior in 
.. i.M!..:i is press'it -is ,1 phyditcticlk adaptation, prc-haM* m (be 
form iif Li.iordiaiiLLiili; ueiilfnl mechanism. This can also be veiilicd 
For more corn plus behavior sequences. 

The squirrel, Sciwruf vittgaris L. buries nuts in the ground each 
lull i iiiplovjn;; a quite stchtcuyfred SL(|uenee of move-men 1 . It pieks 
a nut. climbs down to the ground, and searches for a pi.ice at the 
bottom of it Lose trunk or a large boulder. At (he bast of such n 
conspicuous landmark it will scratch n hide by means of alternat¬ 
ing movements of ihc forelniihs and place the ikti 1 an it. Then Ihe 
1 nit is jammed into place w till rapid thrusts of its snout, covered 
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wiLh did by- sw-eepiitg motions and lamped down wsth the fore paws. 

One cannot decide. by observing it, to wlm Jcgi'L-e lisiv behavior 
■i innate and 10 wlm degree n n, inquired Htwrra, one tan easily 
withhold ihc relevant in formal ion which a squirrel would require in 
order elt leafn bow to celled its winter stores. The .nimi.il is, hand 
raised in isolation with liquid food and placed into a cage with a 
bare floor. Et can neither observe another •* 4 |uirrvl burning owls nor 
can it praerkie the ban img of food, In addition. LL never espefieitces 
times of starvation t thus it is unable to learn dial M hidden by 
chance can be useful in limes of need. 

If an animal so raised is tested when fully grown, one linds that 
n muter* the entire hidm* actions on the first .iLLcmpt. If one 
presents at with nuts, it Vi III eai some iirsl. Upon satiation, additional 
nuls arc not dropped hul arc carried about in the mniiih as if in 
warch of someilting. Vertical structures sccm to attract the squirrel. 
At a corner in a room, perhaps the squirrel will deposit the nut, 
push il inlo the corner w ith its snoul. and finally make the covering 
and uimping-divon iOsiVe ifieri is. with ihc iVomt leg*. although il did 
not dig a hole(l. F.ihl-Eihesfeldt 1963], The entire behavior sequence 
therefore is preprogrammed us phylogenetic adaptation. Shrikes 
(tatr/Pf (vihirfot removed ihc ^lingers from hymenopcera before 
eating them, and this knowledge is just us innate as the recognition 
of which bees and wasps sling (t. Gwinncr ItWL). 

'the ability of vc.Mi ;i I ly mature ring dove* {.frnfjprw/ielto nwet^rriBKi) 
to feed newly hutched squabs in species-typical manner need not he 
acquired individually by chance learning hul is innate it Kbng- 
hammer and E'i- H- Htss 1 dti4r in the same way honeybees will 
perform Che complex, waggle dance (p. I36| without the need to 
learn Lhe code. Young bee* Lhai were pui together in groups shortly 
ifter hatching develop the dance in 7 days |M Liudauer 1152*. Tlw 
spider yf™rtvr c/wdcnirHir will span threads v. itbout n recogn u .ihbj 
pattern dwrtly after hai&hingl after the lirsE molt, however, they 
produce iltcir artistic net. It can be shown thal I his behavior is not 
learned by placing I hem into small glass tubes in whsch they cun 
just turn arotlrtd hill cannot String threads. When released after their 
first mtdi they will spin their nets, jttsl as perfectly as previously 
ujiconfiiKd animat* £<j, Mayer I9S2), 

Good esiimples of phy logenclicallv adapted behavior patterns 
are the songs of some birds. (n these behavior patterns, serving the 
purpose of communication, it is clear Lh-.il a complex More of infor¬ 
mation must be acquired to produce ihe appropriate song. This 
information can be acquired hy hskume io a sample of Ihe ww. 
Th co ret Kal Is It would also be possible wo I hat the Correct sung 
becomes rewarded by the appropriate behavior of ,t respondant. 
To dale no such instance i* tiuiwri If these two possibilities are 
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(Kludtd For ihe rruViliciit ;mU ;l bird still produces its Spraev typical 
song, then Lhe POndusatxn is Mnast>icl*b|t that * pbylugericne odapta- 

Lien it prMCOL. 

F. Saner 41954) r.iised whitethroals iSylvia eapxifiirflrs) singly in 
soundprooF chambers, They still developed all 25 specks-!}picul 
songs. M. Kooixhi (1%)} deafened dlktefi* by Operative procedures, 
rhey ironlkJ still produce ihe species-specific calls. Dove* also pro¬ 
duce (heir calls innately, Oregon juncos ( June# on^Hiuj and Junto 
phacvnoUa) and I he Wack beaded grosbeak l Vh^utSkm mtf4uux<ph6‘ 
sing in species-typical fashion provided ihoy can hear tHem- 
sl‘]cl‘c. ever if raised in isolation iM. konishi I Wit, 1965a). Sound- 
isolated chaffinches (Fringiila c&etebi): develop a song that is similar 
lo the species song in the number of syllables and total lergLh but 
lacking the characteristic pa I reining into Ihree slants. This must he 
learned, hut the animals posses*, an innale knowledge about which 
song to imitate. If offered tape recording* of several bird songs, they 
imitate otiiy those which resent hJe their species song in tone quality 
andi form of strophes. The sequence of the strophci is nCU preprO* 
gram med, been use species-typical, songs with experimentally reversed 
strophes arc inucittnl <W, H. Thorpe 1954. 195S r l%lk These last 
two examples arc especially Interesting, because they show Ihat the 
phylogenetic adaptation is not always present us ;l futd action 
paliern, It may alio be present in a specific “learning schedule 1 ' 
bore the maune knowledge of die song t>f ihe particular species (see 
\also p. 235k 

In the bullfinch Lhis learning ^.hodulc consuls of the young birds" 
habit of imitating only their father. I. Nicolai (I1?5 , 9 i 3 once had „i 
bullfinch male raised by canaries This bird sang like a canary and 
passed on this song to Its young, and these in mm passed it on to 
Iheii young. The wydah birds ( Vidviwtr'}, who are breeding para¬ 
sites of (lie crass finches (Eittrlitidae), in whose- nCSi*. ilicy tay iheir 
eggs, possess an innate territory song and on acquired emu Mop suing 
which they Ji.--iMi Sirrm their foster parent species. They iniiiate the 
buer so perfectly thai ihe imitation cannot be distinguished from 
Ihe original (I. Nicolai |%4; sec also I ig g>, 

k behavior sequence usually consists, of pans which in turn Can 
be lji.uk cd down into simpler lunclioual units (p. 43j, so one must 
always, slate dearly ihe level of integration ai which one is operating 
Thus an animal could possess ;i learning mechanism as .. phyluge- 
ilciil- adaptation by means of which the evsOfdirtalidU liF two aniago- 
riistiL liLLisder is learned. These learned. units, however, eiKild bo 
ink'gfjtcd into new fgneiioniil tmiis on the basis of an innate pro- 
giam Tn Ibis case behavior at the higher level 5f Mifegruiioii would 
he "considered. .!s pliy logcTielis adupLatlon In lhis way learning proc¬ 
esses could theoretLcallv serve us a means of decoding phylogeneticatk 
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FlflU''* 8 Giesii'g Knj Ihf (Oma* Ellrk!^ hn;K /Gr 7r#jl*rvi*J. 

bernsm: im<l«h4n & •"<«. M«a Iff* (ft*!* widow m&’tf \fnyn J NiuM 

P9S*f:. 

avqmrcJ inlcrm;i!ion Ih-al has boen 'lured in l.he senoif u:. 

me sTrcngllu as- well .ls. ttie liimiLuuor'is of rhe deprivation otpet^) -— 

Gteali hiu-< been dis^unieij by K Lorenz JI561) and sured in itune 
s-pecilie ruin which arc pfcscnieil h«rp id jibbftviiEnl and au£ : 
mented form: 

I, The question adted dea ls ’.vilh iltc o rieins of Ihe adiplimtos of 
(bduvlttf, mTil a pitfcquiii it far cadi dFpmoiioo tupcfimcn l 
irjST [flp spKit'^p.'fvir^rii; flir7c?lort ofa t'cli.i■■ b.-r h t Sknoan. i !ji:> 
fpqMifoU divlv-vyli knowledge- of ihc biu-l.u^j of ihtf c\ptriment.*l 
MfflC 

TK?T , Tperirnenis must be stE up in judi a mannerjlial only ihe 

a 3 apIai»o»M'i Vt bmrMiu.ntJ i-> Ji^upicJ il F.ihl-FiJW'L-ldi .md 
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V' WiCklrf iyt2|. II! line Warlls K> kiluw if a pa:Lieu lar strophe of 
a bird's song. is inborn in ils entirely, ttien erne should prevent I lie 
bird only from hearing this particular strophe. IT one wants to 
assets the ability of An uigamsm n> respond l» npiicul stimuli or 
stimulus cortfig.uraifcms, then it is vs'cll not to raise the animal 
in complete darkness, because this may lead to atrophy of the 
retina ("A. H. HLiesen 19*0) and to the disruption of all visual 
reaelions. In other words, one must he aware Lhal there are not 
ordy vaiLows levels ■?! behavioral integration, but also FevETi of 
adaptation, Jiid Uiat.during ddJLftfc&acsji a diversity of faed'Emay 
irsflUL-ricc: Iulcj behavior. Rats Lhat were exposed during the first 10 
days oflife to mechanical, electrical. and eold stimuli inter showed 
mu only irUrreuwd resistance to Line eflecLs of food deprivaiio* and 
eold htrcu, tai ihcy also teamed faster {}. P, Swm I4&2). In this 
oonflection Ihe expcrtmerstal hypotheses are frequently staled loe 
broadly and generally. Thus Id F. Riess i I'JiJs asked whether the 
iWi‘-building behavior m Us entirely is inborn or learned. With 
such complex behavior sequence* it i> preferable to work at a 
lower level of integral ion. Fn reply to ft. A Kinde's 11466> recently 
repeated argument that one can never raise an animal devoid of 
all experience, it can be said that such an attempt would miss the 
ptunl • E' hcf HjsperiniEnul desi g n frlj at the a ppropriate level. 

J. fhc dcpfiviUiun espenmen I informs as only aboul what does not 
have to be k-.Kued, Although we Jtuuld strive l« disnipl 

only a particular adaptation, as cu ued in .r u I .■ ? L Ti i.-, riqlj jlftltvs 
possible to prevent a diaiuptiua.juf die iqtaL tvudUioji oi an atuniol 
We knijw iLioj vppjtfiunemisly occurrin g lived action paLLern> are 
reduLcd ml inwn+itv. pwhaps because ihe endogenous energy pro¬ 
duction is disrupted Lp_ j5 - t'l- TJ tlj results iiL a:i aritTeaicd threshold 
or iesjjj.msi_ye.oeij to the releasing ^untuN Furlhe rmore. innate 
releasing ntechanL«ni> jp. 60j frequently Uint-JJaeir select Mly 
and social inhibitions are oflen ?.>si -V an example uf sire* dis¬ 
ruptions K. Ls>rene reported that his- hand-reared red‘backed 
shrikes showed the mnvenirm of impaling prey but had to learn 
tn direct this movement toward thorns, lie cited this as an example 
of an iftilinctdearning in tercalation unlil G. Kramer demonstrated 
that shrikes that had been raised on a more adequate diet a^nied 
for Ihe thorns innately. This has since been vended by additional 
experiments by K. Lorenz and If, v, Stunt- Paul (l%8>. 

4. In the testing situation the experimental animal must be pre- 
wnied w:LEi all Lhc relevant releasing s-llmuli for I he behavior 
I’liis ditium was overlooked by ft. 1 Riess (1954) in his Lots for' 
nest-building behavior when he placed inexperienced rots in a 
s|range experimental cage from whose wails paper -mps were 
hanging. The rats, which had until a hen lived isolated in ware 
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cages nv 11 ho its nesting m .Henri,I and powdered iinwl. did eh*! I down 
the paper si rip. bui instead of building, nests they ssailerd ihtnt. 
Riess concluded from their behave I tin l nest building must be 
bind as li result cF experience with solid objects, I hev would 
discover that tiesi material gathered by chdA.cc p reflects against 
cold, and based on this experience they would then build nests. 
He overlooks, here that even experienced rats W ill not build at First 
sri j strange environment but will explore instead, Hats which 1 
(|9b3l raised aCWidirtg It' Kiess’s method. but which were Tested 
in iheir home cage, buih nrsLs in iheir sleeping comer, and showed 
all the sperieS'-Lypical nest-building moveinetus (pigs, y and 1 Ok 
T he rat mnsL therefore fittl have a nesting place before it can 
appropriately deposit material. A recent experirtierit by f\ W dimer 
(196S> has ctmGrtiKd this. 

Thai even skilled and experienced experimenters arc prone to 
com m i I such errors is shown hi the work of D. S-. Leltnmn (1955) 
™ho concluded on the basis of his experiments that ring doves do 
hoi FOCOfflUf £>r feed iheir young, innately hul most learn to do SO, 
He explained thru they ai first .look down upon iheir newlv 
hatched young, which stir under ihem and which then touch the 
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*<gu« IO bu'duy by n»vs tan*# mih f*(W pw^r si^p* si p»i"'s 
pypf* Ii^f'ti ih# I’dfeifr'; (b) jhiittgi (fro p»w m du*^ Wi buiin^; 'cl and Idj et>* 
St*»*a m« Men Ihipi Vf rt*w* t*m*te fin*: (O mads Irom ,n> m*e!o ■‘■om 

■ifnM MEM" IW+ |F*n* >;*i af/4 ;ts| Sc-ml4« Fit-n 675?’; plrciipg'tpti; I- t*L 

crop region of the parent, Under flip pnllucnto of ibe horutCme 
probeLin, Lhe crop a* swtsllert uiili crop mi it and Ikmdic?. sensi [iv<. 
If Lhe young succeeded fee Lria] and error in releasing the vomiting 
<*f cropmtlk. ibis would [hen quietly reinforce the behavior of 
1 he partnl. whw would rccdgiiR lhe young as n stimulus leading 
I* j reduction of Lcia*i4*n in thf CfOp. This XuhsesjtiCaLlty wc>ufcd 
lead parents to actively approach the young. F.xperimciiis seem 
lo support this vkh: Of 31 experienced ring doves mjccied with 
pretaetnl* 10 fed the l-dby-old w|u:ihs, On the other hand, 12 
similarly treated inexperienced ring doves did not feed young of 
Ihis ;igc with which they were presented. li Khngh.immer and 
fc. H- Hess (IWiJ) obtained conflicting results when they placed 
newborn mourning dove* under incuhaLmg experienced and 
inexperienced ring doves. Atl fed the young: inexperienced doves, 
who had as >d nn crop-milt in the crop, fed in Mead a cIcyT 
liquid Lehrman used ?-ilit>-p.dd s-ijn.ihs that were j] ready well 
leathered, and Kliughatnmcf and Hess suspect that the newly 
hutched downv young presented the more appropriate rclcaser for 
parental feeding behavior This suggests I hat doves recognize and 
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fe^d rawly halched young: innately, Lchmien's conclusions are 
then limited I* the statement (hat only C-Jrperieiiwd rina tli"ivs?, 
recognized 7-day-old s£|Uah* a* you ng + anti J*c has since accepted 
this interpretation, 

5. In view of the fact th_n results obtained ■while working with one 
species are often checked with another specie*, K, Loren?: empha- 
m«s (he 4lI most aKromaCii' rule that agreements of ekpctmicnijJ 
results in respeci tu iiLheriicd behavior patterns can on!y'T»t 
expected when gene 1 ic.itly sTroTTafTnimaTs are used. TFlIicsc pre¬ 
cautions ar<! take n, the ilcpm-atiuei experimeni is (he appropriate 
way lo demcuisirate phyloge netic adaptions in hchavior. Wc 
often use the terms Inborn, annate, nr instinctive insicud of phy- 
Ligcncticully adapted -is a convtniinl shorthand description, even 
in instances in which the behavior nulHRS during the course of 
development of the young animal Ip. 16). To be tread. it is not 
.1 ccrca*n bdi.i 1 , u-r -n.il 1 ■- ir.bwji. hat ihc dcselupmenlal "b-luc- 
prmL 1 he ih.tii- i ,■ c< ■■□. Characteristics in ihemselsts are 
n cK tnftcnfed hm ;irc d^t t lnped wjthijv ifis~bound> of inherited 
O nations. The (erni "inborn" has frequently been und‘:fit'C 1 Qd 
only iu a negative sense as "unlearned" ID. 0. Hebb 1953; K. A. 
Hin.de 1966). Ir line with our diseussirni it .should he deaf that 
we define the term on Ihe basic of the origin of the adaptation. 
11 is without s|ueslion the merit of our critics (especially D. S. 
LebrmanJ 1c have compelled ethologists to clarify these concepts. 
Furthermore, fruhful discussions and 1 closing of ihc up between 
points. of view look place, liven T. C. Sdvneirta (1965. 1966). who 
1 hen. as now. argues against the possibility th.n inborn and ac¬ 
quired components of behavior can be distinguished, makes certain 
concessions. "A concept of interact kmhoti. therefore." he write*, 
"ibat implies engagements of Separate and disjunctive develop¬ 
mental entities seems invalid, ar fruit /of fite rath slater” (p. 283, 
italics mine). On the other hand, even T. C. Schneirlu, (1965) 
f«Js compelled to disiinguish "maturAtion” and ‘'experience” 
during the embryonic development of behavior. But he does not 
look for the source of the developmental “blwepriniT More re¬ 
cently lie <mph-tisires, as docs k A I iii.de (1966k that embryonic 
development ought to be studied, and I hat one Can then diJC&vd 
how environmental intliaenecs laMay* dtSC-fib&d as "L-vpenence"} 
affect behavior during each suae of development A similar posi¬ 
tion is taken by C. GoStheb and /„ V, Ken> 1 1965}. who move 
away from an extreme environmentalist position when they pro¬ 
pose the term "scllWlimulaikHir instead of "experience." In that 
case all that remains of the old milieu-theoretical t envirirftaienial. 
btic) position is (he statement that sclFstintal.iiion Is a I actor in 
behavior development. How this posiliem is incompatible w ilh the 
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Concept '.■] [he iitbum. us Cuilllieh and Kim still he lie sc u ddlf- 
eult lo undtnlind Perhaps 1 hey did! not undufiLand us Mo 
eiholcigisl has ever ,isser?..-d that diverse environmental influences, 
especially those or the internal environment or sdf-stijiiulatiofl 
process** during cmbeyontl development., ploy no role during 
dcvdopmcnl. 

After all. we lenow from the pioneer wort of H. Spemann in 
experimental embryology that organic: substances swreKtJ frum 
Lk&tics of news cm try os simulate neighboring tissues to develop 
into specific organs. Thus Ihe eye cup induces lens formal ion in 
ihse vertebrate epidermis above it, If one iransplsmi the eye tup 
of a newt embryo into she ventral region, then lens formal ion t* 
stimulated hi the new location, tu Lhis man iilt gcneitcally encoded 
in forma I ion becomes decoded during the process of sclf-differenija- 
lion. This is also valid for (he embryology of phylogeneEkally 
adiifrtcd behavior. In berth instances one cun activate by specific 
factors such as icinperaiurc or chemical stimulation the poCcmials 
given by Lhe specific genetic code. Thus monkey and rai females 
can shew permanently manifested male behavior characteristics 
I for example, increased aggressive behavior) if they are given male 
liorttioocf during a sensiiivc phase of embryonal or carl) devel¬ 
opment (W. C. Youn^ l%5, C. W, Harris l.%4). tn cai* Lhis 
sensitive period, in- which hormone treatment can exert Lhis 
sea-reversing influence, ends one day after birth, he male* thal 
•were treated with loMOMermte before this time showed no normal 
sexual behavior even after Lhey were cnsLrated and treated with 
estrogen and progesterone, which releases heal in normal females 
I he hormonal influence* ih*ii Avaie j male (or in the reverse case 
the Icrnok-j rote during a sensitive phase and later in life sexual 
hormone* primarily activate the sexual behavior patterns preformed 
in the sensitive period. Those who desire u heller undeiMantling 
of these relationships will find A. Kuhn f|5J*f very helpful. One 
a nd the sape ph cmify piv expression van ernne ahum in several 
Ways ;md nu OJIC ...ii deduce bs .ippeiu.iiLce alunc ihe cenrse licit 
development has fiiLun. It has been possible, however, lo deter¬ 
mine when and duriiiL which sl.iec inherited factors, and when 
environmental factors. act upon developmental events, f he --n ine 
is true I'm; the dco eJopUKUt uj bvhjvjor. SpceilK neural sIiui-Iljls 
that underlie a behavior develop like oilier organs on Ihe basis 
of .. dtfvcl.-pinejiral rude toniaiitcd in the genuine '/ Y. Kuo 
(l%7) too It i-.siic with ibis view. First he c ill pha vised that nlfklly 
speaking there is no species-specific behavior,, because not even 
one step is like Ihe olher wen in ihe sirnc animal (see the discus- 
lion of fi -nu Lsiusiaow, p. 4!| MuipkolLigical structures InnU 
the potential of an animal's behavior: 
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McHimotoyu: td ilJuclures arid ir>eu I urn; i.cjri-ii capitwlil as acj .:.i deuw- 
iTuninjj faclors. ijl tMltavxiJ Only «i a negative way. (h.jj ^ ihev 

MS 9 hmit W tvOy mgvefiwftis 4 Idf acwnplo, 4 dog can W# sicgd 

al or bits iIS Cmery bul tamo! ilwcrw .* stone *| u -r| \Z. V. Kuo 1967 13), 
In ansUher place he writes: 

Ther fl so ixj l-notM? som* cormioii laaar? r n tum*. .r isjch 
dup in romit cofnmoo nvofphoktgid&l C*i matter isl.=s oi ?hn specks. Pw 
eiaoHJlfi, moi bnalsguial aruetypts df r*nj limbs delemune the moSei ol 
iQCOOiOOtNi; Ihe 0 *J> SlfuCluflfl dule-'n- '« the rntxios rA eapi^ axt drink .wj, 
lho weal aoparolus (Jeierfmn** ine cH*KC«frsl-:s ol w^n and Bin-mna 
(l>. ?3). 

Me it even led (l> male such Hide menu as; 

Thy lac! that Ihe tiumso h#n<1 h,j$ a in grsaie» Itaxitehlp -n nnff^m»r(. 
devEwiEy snd nai'ige a* pcIenEial cnpnolnfj rhos# of any OlhW pri«i*i* 
i tuHic ienr. in bo' view. to oxplsin why human biting* hnrame ns roon 
eneativy and thy non rysoortoolut CEMUiros c*n cailh Hjvnri long ba^e 
human ianguage was devitopiKl Somfl pr.mams are almost hurt1S"i. BliI 
(Wl Cpj'tti. ThS Handts Iflh Ihe drfetencB. I otiqn spoculaie msi if we coots 
Succeed ei axchertgiisg b>iir*t between a human neon gin- and 4 gorilla 
rw>onal(t and rmso them m *n efe filial arooronmefiE with CorlpkiM HbsonCO 
ol human language md cyhyro. line tvyrnara £h <|0 w(.t,ls frtrt, up BO 
behavfr with human chtHacinrishcs and tha gorr -1 with rhe charaorarrstics 
&i da own spat es because iho sidutal iramewori. of ihe endv arnj the 
lies structures fll Cha hBiXSS O* |i;e iwb t) Hu«*ii 1 spaces nrn ditt-nrsni 
IP ‘ flSj 

On p, 195 Kos write: 

II the SfMtCiflS t.oowi as Homo saptem 11 sa \at lupphpr in all ih* other 
S^jociSi ihrougliouil Ihs animal liugilbni, 11 s 1V 33 because il has a fwnuio 
bran ptft fu. IhJ? hatjkvW d (WM4HH a p3<* Oi "urojn hands *ad bSCAusa 
the human vocal mechanisms hqiw ileve'apMl .1 modi comoki?. fpdiso 
and *vi!tah laiigubje. 

Phj'loc.cric ind.ijii.il Ions that prcpiugruni behit'ior opporontlv 
canrot cnist in 5be ccnirail nervous system. HWdiei i<p K.uo. 
W* vn.iulj nor Oeal wiiJi this uisvdcnlilic speculation in such 
detail had il not appeared in putilBCutiori^ th.n are widelv read 
by siudenls 

btHdcEinkev the objedien w raised tha| *hile it jri.iy he ihuu- 
rtCfCuMv jHis.siblc to disiineuisli mriaic t'roni aeijisi f cd com poncm-s 
of behavior, in pruciiec ilifc would he of lilllc value, because at 
hcsl only exireme cases could be aligned U> one or ihe olher 
calcgory; intermediate cases would c»iisLiiiite (he aiajtoriiy. Ihis 
sialcmcnL can be shown to he wrong if the behavioral repertoire 
of various species is iuvesligated. ]f we consider I he courtship 
hehavior of ihe nuallard duct, fur es;impSc, vet find an array of 
highly specific, innate courlship movements, hm not a single 
learned one or one ihal is subManlially modilicd ihrougti learning. 
In m*ny insrances ihers seems 10 have been a si rone, selection for 
resistance to modiftabilily. Wc find ihs : - as a rnk when a species 
niusi depend on ihe proper funcLionitig uf the behavior. VS hen 
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le-iimeig is invoked. addrl ional control mechanism* art needed 
:l> ensure ill,a what is Ic.imeJ will serve iJ:t pfe*erv;i,iion of the 
species. 


Physiological characteristics of 
the fixed action pattern 

' F r or a long time the concept of Lhe classical Me* influenced our 
conception of Ihc nature of a movement sequence. According to this 
concept each 4tet ii,t rcipOate tii external (s internal stimuli, Afferent 
nerve ending ate stimulated and pats ilie estiurttofl On Ed [he ventral 
nervous system. From Ibe-re lhe excitation is carried, often t i.i Miter- 
mediate neurons, Id an elfectoT neuron that in turn excites efferent 
. pathways leading 1o an effector, a muscle or a gland. which is then 
activated. This course of excitation is called a refkx arc. and Hie 
process is called a rtflex. In luntiosymtpiic reflexes of m# inmate 
I he wave of excitation is Mid to pass directly front the sensory io 
i he rnOIOr neuron. The excitations Activate the same muscle from 
whose proprioccpiLtf they have heen released. All or her reflexes trans¬ 
verse additional in termed iale neurons, and Lhe excitation of many 
neurons can activate a sped lie organ. juSI as the excitation of a few 
'i receptors can activate many organs. 

More complex movements are called chain rc/tcxcf in lhe retie* 
theory, whereby one reflex provides the stimulation for the release 
of the next. The release of one reflex may inhibitor facilitate others. 
For each retie* arc l here are inherited "unconditioned" releasing 
stimuli By means of karting processes new stimuli can become 
conditioned stimuli or re teasers (p. 3 SO), or a given stimulus can 
become ht*»kc<l up to new read ion sequences, These [Serves of 
stimulus and response election frequently OOtur irt combinations, 
and these ne» ly acquired reaction .sequences arc called cvrkiitiwuul 
reflates. The participation of such iL-tlex processes in the structure 
of behavior cannot be denied. However, il is not true that each 
movement is tJi-r result or an afTercut impulse. T, Graham Brown 
11911. 1912f established (he theory that the quadrupedal walk is si 
central automatism after he had discovered that two completely 
Jeafferenlcd antagonistic leg muscles, or' a cat showed rhythmic 
movement L v, MoEsI (1935, 1930) then demonstrates) in a number 
of experiments that an laihoru movenicnt sequence cun he eeiitr.illy 
cocodirtiiccd wiihour participation of afferent simulation. 

According to the duyutcal rcl&ex theory the regular undulating 
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rrujwemtnt of an eel occurs hy Ok participation id ijiirrruil seniors 
organs, the proprioceptors. Fhc «n«Mvtwn of one muscle segment is 
sasd fo release the contraction of ihe .isJjaocm segments vu there 
propfisK’epton. IT this were irue. ihen an eel whose central nervous 
system docs nol receive impulses from the petiphcn should m>ii>npr 
*lwjw undulating movement*, E v ffoist showed iltaL this L not Oil 
case. If Orse separates Ok spinal cord of an eel J'rom ihe hratu, by a 
cut Ik hind the head, one obtains a spinu.1 preparalion ihal curt he 
kepi alive for awhile by artificial rcspifatiofi If one ns.™ cuts all the 
dorsal roots of Eire spinal cord, which alone are eapabk of irensmicting 
impulses from the senary organs to 1 he spinal coed, ihe ccl wifi 
shew undulations once the operative shod: has subsided. A puxeU 
mechanical transmission of the undulating movement is :ilt»otdvdtd, 
[f She central third of Oil eel's body is nerhanicaily restrained so 
I hat K can no longer move, an unde lal in": movenieFtl from the first 
segment will appear in the post error third after she tame a Enou.nl 
of time I has it would rate if the eeisifal segment had taken part in 
Ihe movement 

The experiments prove, first. Ihal ah endogenous production o f 
evcilalorv pote ntial sn the central nervous >yviei» exists anti, second., 
tHaT sJte:K central tmtwMv ore also centrally c oordin ated. Such 
ceiiTr.il au-toirsaflsnis i£so seeds to he the basis of the respiratory move¬ 
ments of ihe gill covers itt goldfish. £ [). Adrian and I'- J. J. 
Buy tend iji, 11931) recorded rhythmic impulse p-mems from dhc 
isolated respiratory sente* in Lhc medulla, which corresponded to 
Ihe frequency of movement of [he gill covers. Rhythmic electrical 
impulses of tire normal crawling rhythm of she earthworm were also 
found by I;, v, Hoist in the isolated ventral Ml, The movement 
rhythm is apparently centrally produced, hut proprioceptors also 
putidpilc 31 is generally known ihat the severed posterior portion of 
an earshworm eofdioues to wfig$Je, while the antermr pari proceed ■■ 
i.o move forward oormalk, If the two severed edges are connected 
by means of two strings, then the rear part will follow she front part 
in the typical crawling rhythm (E. s. llobi I93i, I913j. 

In grasshoppers, peripheral feedback affects only the frequency 
of the otherwise central rhythm of Che Hying movements Jr' receptor 
impulses arc excluded. the only result is the somewhat slower rate 
of rhythmic discharge of the thorac-ie ganglion. The resulting pat¬ 
tern s>|' w-iitg movements corresponds. however, io Che normal wmg 
heals (D. tl> Wilson 1961. I96d|, f-of Che explanation of changes 
in Che gait of leg-amputated insects it is also unnecessary to postu¬ 
late adaptive reflexes tD. M. Wilson 1966; G Wendkf 19651- In 
wjlliina Insects—however—tin 1 svstem is much more influenced by 
peripheral re .a it ere nets. They control the phase relations between the 
six Malting legs (E. v, Holst 19-43; O tVendlcr l%4. 1965; U, M, 
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Wil'*>n 3 hi-, ih clearly shown by the jlici'iutiun of walking 

rhythm* in leg-amputated arthropods, bul we do nol ycl i-ru™ the 
way in which ftaffereni signal* in fluentc <hc phase tingle of th^ 
legs. 

A* v*e already know, walking move ments of an Insect's tegs are 
caused by a swiem o f *ix ^If^suitiJned. nulmlly coup feJ oscil- 
|jior>, Wcndlcr in his- l%S experiment* tried Ut find the way tin; 
oscillators wtwfe on ™ch other to piudure ihc observed <-tkndin;iLion 
of leg mcsveineni ni Cffrtrushti and |I«A the .digraatifths- of walking 
rltvrhm 4i I'Ll- r amputation of tegs. One hypothec* is shown in l-ig. 
[I. The system consists of sis. oscillator* df nearly (he same spon¬ 
taneous frequency. Oscillator* of oath segment show mutual mftu* 
enctr on «wh other, (hose of ipsihitcrul leg*—for initaiSM. hind and 
middle lej of one side-in direction caudal to from A non rhythmic 
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signal from the centra I nervous system controls walking velocity. As 
Wcndler showed by mean* of an analog computer model lift JO), 
ihe system holds for jll ohserved phase relationships of an animal's 
legs. It also oiler* the frame for several hypotheses of teg receptor 
irftuencc ssn c<HirJm,-iiion Leg re'ceptors could measure the leg 
jnosemcoi .uul lOliuence dLfestty ihe neighboring oscillator, thus 
determining I he phase. An >.i.l i i:ri i_- system would pcrinrrn central 
coupling of jl| p*cilIaimg, syslems w ich-sui dircci influence of jL 
ferent syvivirr-. (receptor*), In i ha- ease, receptor influence w t -.uld he 
rescriclcd us keeping ihe amplitude of live oscillator of the same leg 
high enough for influencing phase relations oi die dependent oseil- 
Iniurs. I bis hypothesis o underlined by experiments with panijJSs 
leg-amputated stick insects whose leg slump* move with lesser 
atnpliludc (han Ihe inLael legs (Cl. Wcndler ItfchJ). 

K- D. Roeder (1935. 1937.1 concluded that tin endogenous auto¬ 
matism forms the basis of the mating behavior and locomotion of 
Ihe praying man I is. Upon removal of the supra- or sube-sophagal 
jarigliL'irt, locomotor and mating behavior Were disiathibiied. The 
two behavior patterns occurred continuously, whereas releasing 
stimuli were normally required. Niq fifrci p o pulated th e existenc e 1 
or endogenous. sell :isLu:i ling systems tJtiiL arg EC'xpoJVij hlc tin the 
iis..uln:atcd iiLus cjiieiiiT. whose bnpuLs cs are controlled bv i nhibi¬ 
tory centers . Additional experiments have strengthened this inter¬ 
pretation (fv D Boeder 196341. 

Endogenous activity of the central nervous system has also hecn 
demonstrated by I'- Wtia d?4lak who implanted a section of em¬ 
bryonic spinal cord and a forelimb ciNrtrjgo into intact axolotls. The 
developing forelimb Lhen became innervated from the implanted 
spinal cord, and the motor nerves grew fasLer than did the sensory 
nerves, which reached Ihe limb much later, Htme^r, as soon as 
the efferent motor connection had b«WC esrahSishcd the kg hegim 
to move. Alihough it did not show a coordinated walking move¬ 
ment^ an alternation between a^Oukltc and antagonistic snusdes 
emu Id be observed iti the irregular movement of Lite leg. 

In the neural elemenls underlying spontaneous and relies be¬ 
havior only nradual Jilfcrences exist as regards their threshold of 
excitability (K, D. RoeJer E95.5). In mm automatic cells the excitation 
remains at a constanl resiing polenii,d. and- ji 'aim ulus U iuxvvsjrs 
to elevate il above ihe threshold. After discharge il drops to zero 
bin increases again and the cane of excitation temporarily sur¬ 
passes the level of the resting potential only to return io (he el-si ing 
level ibereafter. For spontaneous clnmerus, however, the readiness 
for discharge increases umil the discharge threshold has been reached 
and spontaneous discharge occurs. Between Lhesc two cxEtcrne* there 
are trailsitfems. When Testing pwieunal -irid discharge threshold arc 
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clo*? (ugc[h<r. a s=n»pl« stimulus in able im release iiu emirs %cqucrwc 
of discharges because the curve reaches die discharge ihneshold dur¬ 
ing the phase of increased iffitabrlny. 

Chick embryos move their kind limbs speaianeotHl) arid rhythm¬ 
ically even when all sensors' ganmilia have (seen neutralized by the 
removal of the entire dorsal half of llui spinal CWd -and when all 
Influence of the brain is ruled oni hs die removal of a sec I ion of 
the spinal cord I Figs. 12 13). Turtles and fish will move before the 
reflex ares have been closed. The oysteriish (Opsama tau) hatches 
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and is able in swinn in llni*. same condition in a well-coordinated, 
fiianeief, het'uJe sensory input is pus'.ihle (H- f Tfatv 1926}. 

AH these examples demonsif arc: the iponiiineeiu*. endogenous 
activity of motor neurons. In response 10 the objection i 1 i;ii ihe 
neurons are Mill w tin ennronnrenl capaMr of iniluenring iM. 
•«ul perhaps chemical stimuli from the bktod could serve as 
releasing stimuli. Boeder replies very aptly; 

Pit Speftkuaj] ci- endogenous .xl-- iy nr ih(( cflnr'n! nervous fjtnra I 1 t.jw6 
used (he ii?htt in rhfl sifne lense — aciivitc o rt ihrs, c,™ rto:ccr$(i » rerve 
impulses} geireracijd rrHjctianisnts. w,ihm ihi? central nervous iyiiem. Thu 
c•deron ii 1h.s" <•. CutCiliOu ds Id tnkr i-.|;ir.c .I'syr ill .>H»»rori| nerwv co'inec i ■ rii 
wlh lire CxjESxM have been Scvcicd. fxiiti'S in ihe CKlraKeliuljr rrHidiurn 
simremiiMg r h e mm ceil jjMy imponartL pan m determining- whether a 
given nv-rve eflU w> i rerngm .r amiv-ii until $r<i»uliJi«d. -or wdl re£|ul3*ty dks. 
charge impulses wizbDui -iutmfat-Mi, Kewnfihotess. the cetiptw rcgafittfarwe 
k>SlPh responsible lu (he Sequence el ndfvfr impulses nfiuSI ik ppf^idei#d la 
reside in (he neurons themreh-es, jiw- it would be mitlu^ung ip itunk «* 
rhe umtuem medium bjthinp (ho cells &s providing stimuli oq bivalent i« rhoae 
iImi rnjrniA'br leoch H ir-sum rlie outside wj fllferan! impulses (K. O. Bceder 
IBSJb.430). 

Simitar SUtttUnb ,ire in-ide bv T. H Bullock jud <>. A. Horrtd|C 

omy 

The term wtcmianeog* means repelTivp Change pf stitp pi nori'pns wiWaul 
change of stale ol tte e-fleetrve environment—Uiai ia r acev.iy withoui snnv 
ecanon other mao the iiindmg conddions. OF course ihe acuvny occurs 
only .1 many espeesa o! me it I flu nwn#n witfrfi ceno .n lururs—tpr iT»nmplr. 
me remponjnur-c and me erne hiilancfl These cwld be ihaugiii of as steady 
si.iln sl vrtui -. tiut u'Veiv 1‘nNt? iS evidence d( phySiOFoguCaitr iign liCBhl 
control of mihe-u. the teem stimulus is nor eppr-opri^ie ip. 314}. 

The fid thal Ihe oysJcrfijsh lho*$ coordinated swimming bcfrvnr 
I he Fclki jtcs arc dntd. and ■ hat a completely dnifl'e rented cel 
hhi.TiVN ncinnal iindliIdling Encvvcmcnls, prtrt-ps th _icEdilJL'isL (i> a eejtttal 
nervous auteiuiatisni (spunqmeiiy} that iht Lenir.il poordination is 
independent of afferent tnsputses. L. v. Holst (l“?3S, l^M) ecpEaLn^ 
i.his by piaxEtjIaline, Lhal within live eenEral nervous system there are 
gwnpv bf «Hn which are jpthliiiKtMsIy active, which wnd their 
impuises to the musculature, if not prevented by Lnhibiting factors. 
These spontaneous eel] groups influence one another, which results 
m certain specific movement ctoonlinalions. Ih>hl demorrsirated linw 

lltcsc ULLilual idBimKet work in tish lFiuI dn OOI •••111I'.s unduLilin^ 

■KWfmcnb with the whole Ibi'dv but swim hv means of rhythm- 
•cally moved tins. He Imnsected the medulla nf these I till nrtd priv 
vidcU .irhlELj.il rt-,pin.ihurt! (Ill hits- Wcie CLtunciCIcd to rcCOrdillu. pells 
I'Fig. 15 }. When, the operative shtKk h,id subsided. Ihe hits shoiwiec] 
rhythmic movements. IT only one tin moved. ;i regular sine wave 
was oblaincd. vdiett several |ms- were Riuving ihis wnc way more 
■ it less modified, which demortsirates lire mutual influeiices of ihe 
rhythms. Thiv musl be a central influence because the passive 
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movement of » reeling (in did mb affect ihe rhythm of another iln 
The lin rhvihmti injy irtltticnoc one aititiiwj sirtwtgly. l-'rc 

querdlv. however. one fin or lir pair mo in Lai n* its oonssanl rhythm. 
While the iriOVCTricnt flf ihe other lin chance* rhythmically. En Ihis 
instance j dominant. independent rhythm is twperirri po*cd chi i( 
dependent one. The influence of live dominant rhythm on the de¬ 
pendent rhythm can he read fmm (he recordings t'Fig. It>|, EatfJi 
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Jlu li^t ilie Knddin' to maintain ats own rhythm. but Ihe dominanl 
rhylhm become^ superimposed upcm the dependent one. If iJvm 
depcndcni rhythm 40Mletaiei icki fast ii is stowed down, and if il 
Jjl-s behind it becomes accelerated If the dominant rhythm is of 
sulfid-cnl strcnirih, them it iaiIL siipflimpose its own rhythm com- 
plctely (tfhxofrtic CMnJlrtatfori). If lint is iun possible, rlien ihe 
phase rdutioBships of iK- rhythms change periodical I v in a lawful 
meaner (jYidfj'iv coordination} An even day example may sene Is? 
illustrate this. If we walk with Our small duughlcr she will try to 
lieep in Hep with us, Gradually she will Iws* the syiKhconi&HtOFi. 
and the phase dilfaircntfciil increases muil ibr child will correct this 
by uulnijt a small jump [boI w ill again bring her inlo phase. This 
attraction which two rhythms have for one another L v Holst calls 
"magncl effect.* During juptrpo/iliOn, finally, ihe dominant rhythm 
becomes superiinposed na the dependent rhythm in an arithmetic 
relationship. Whenever the dependent Ian moves in I he some diree- 
liou as the dominant one. its amplitude become* larger, and the 
opposite is tpie when their rtsovemenis are opposite one another. This, 
ihen. is aitftMt way In which the independent rhythm can become 
iimposed upon the dependent one and thus result in absolute 
coordination. Pure magnet el Feels t»r pure superposition are rarer 
lhan intermediate forth*, 

In E, *. Holsi’s experiment* the pectoral flu rhythm was always 
diuniu:iill over the rhythms of the dorsal and caudal lias. Their 
independent rhythms appeared only when I he preparation emerged 
from operative sheet or when I he animal died, in Ihe former case 
'tontine to” appeared from posterior to Ihe anterior. and death 
occurred in the Opposite way, such [hut the dominant rhythm dropped 
out first. 

What is true for the mutually in Hue item ii automatisms of the 

i* 5r 

various lins is also true for each individual fin. which does no| heal 
in ihe manner of a siiflT board- limber, wave movements pass over 
It. and each fin ray has its own automatism. These automatisms 
influence each other in such a way that the individual rays move 
in regular phase intervals, 1V« can detect u hierarchical order of the 
automatisms Eiaeh automatism can be broken down into subE,roups, 
which in turn have a magnet elT-ect upon one inothcf. -md the 
couphng h usually stronger cif absolute at the tower level of integra¬ 
tion, 

Theoretically there are a large number of possible interactions 
between various automat isms, which, however, arc not realiicd 
randomly, Thus L. v. Holst found several stages of stability in the 
phase relation ship of different automatisms, which increase wiilp the 
sieujiJicity iii the fecipnKul fmc|uency rd.;i lions. The most sioble 
coordination is the absolute coordination |:J. followed by 1 . 2 . |:1 
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jiiJ 2:J tot 1:2^2. 1 '2:3. and 2:3.4 foi three rhyibins), f-’+ir lootsiiKi- 
lion Lin tand absolute coonjinattan i-v vMkublcdl) ilia most efficient. 
The adaptive chancier or the various, forms of reljiive coordination 
m water animals is not yet uitdcalood. 

When their phase relationships are stable, the rcctpitn-alibg aims- 
imniiffl} form a iransposablc "geitait." because a change in the 
frequency of one automatism influence* the other in such a wjv 
i..h,i1 i he uns lit a ■ phase relationship is maintained. This is also true 
ftjj stereotyped, feinted fftoveimut sequences. Even if a person 
writes ai dilfciml speeds, a specific speed ps jn,1 irKamed for each 
Idler, and Ihe Iota! impression remains ihe same whether the perstsn 
writes *n capital Or lowercase lei Lire, liven these learned, movements 
art hated on auiortiitLsms, Whereas in fi*ed action patterns the 
relationship between various automatisms : s genetioalh pmeramm-ed. 
in learned coordinations an initially unstable relationship between 
nsnomatisms becomes freed later. I he iill«nilir Erouprncs are ted. 
in a manner of speaking. through success into stew pattern*, wherebs 
the automatic cells seek new stable relationships. The transition from 
the ctumsy execution of a ntovemerti into a new and viable co¬ 
ordination occurs sudden It. as everyone knows who has learned to 
dance or lo ski, This explains also w hy practicing parts of actions 
ii nor vert useful. If one iltrs-s learns the components until a lived, 
automatic relation is established. Ihcse relations must again be un¬ 
done and aaain newly coorsfmated when a movement pallern of a 
higher integration is established l :lhl ibis teordering can take piart 
centrully without any aid from atl'erent input is shown by the ex¬ 
periments of E. Taub. S. J. Ellman. and A. J. Berman CJ965j. Their 
rhesus monkeys learned ic grasp a cylinder from a liced position 
vrjih a dcaffercblod hand without ih? aid ot ■vision, to avoid a shock 
that followed an auditory stimulus, fa cope native training was not 
necessary 

The basic unil of the Atllbrflitk movement «s always; the auu.3- 
niatic-rhvilimiL group of cells in the central nervous system, ttt 
have discussed earlier the form constancy of the heed action pat¬ 
tern. If we now a si what it actually consists of, we will quickly 
find Ihe answer, because whether or nol a w-jve passer down a dorsal 
fin fast or slowly. the phase distance of the inusde coniraetiom which 
participate in the movement remain, constant. And this is. as F, 
Ley hausen (I^S-lai emphasiicd. to be understood by the stereo¬ 
typy of the fixed art ion patterns arul not at an absolute unmodift- 
abilny 

A ccfttral coordination was also demon si raled by J. Gray <1950]. 
who dcafferenled toads completelY, wiih the exception of the labs- 
rmih. In spit? of this the animal swam in a coordi ruled fci^h 
The walking pattern of the load remains -.sell coordinated even after 
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JcLtHferenti.iiion of all limbs, provided at least one spin.il nerve re- 
mains intact (J. Gray and H W Li-usitlann l^Afia, 3^46hj. There 
must cxtsl then a tenlra! movement cootf d inaLion, because the 
coordination could not come from the .liferent nerves of the Inby- 
rim hi. The findings of H. \V. Ltamann 1 IHUfn have 10 he interpreted 
in the sunie way; his largely deafferented sharks were still able to 
twint with well-oeordinaled undulating movements, 

tiven reflex movements can be centrally organised, The oOOrdiri- 
a Lion of Use wiping reflex of a spinal frog remains if Lhc kg that 
performs the rnyvemcni is denfTerenied jE tiering IS%|. 

In mammals dea tie remsiion of a Si nth is usually correlated with 
the h>s of complex movements. But it had been known for some 
time that the scratch reflex of the dog, in which I? muscles co¬ 
operate in rhythmic coordination, remain well coordinated even 
following dcaferentalNSn (C- S- Sherrington 39J3>- Krttwly it was 
found 1 Hat in hilaLerally JcaHi;fented monkeys the function of the 
Hands recovers almost completely Lo a normal level. The monkeys 
climbed and swung along with I heir hands <ven when their tj*s 
were covered, They grasp and point toward an object although they 
cannot vie choir hand. AfLer complete bilateral cleairercntatioii 
(C2-S5) of the spinal oord the monkeys remain capable of per¬ 
form ing a large number of learned and jum I-directed movement 
pallerns.. Unilaterally deaFl'crentcd monkeys, cm (he other hand, are 
unable to use (he ckallcrented hand freeLy |E. Tauh and A. f. 
liftman lMe',Js. A detailed discussion of central coordination and 
ecmral automatism is available in T, H. Bullock tl^bl r 1962), T. 
H Bullock and G. A. Ilorridge <1965'j. and H Hassenstcin (1966] 

Al EirsL the central coordination and automatism was used as a 
criterion of the fixed ad ion pattens, In line with that criterion, be* 
liavior [salterns Ih il ace em.*rdi,naLcd by feedback from after cn l 
stimulation would not be considered fixed action patterns, for ex¬ 
ample, relies movements. Etui since the movement coordination via 
alTercnt pathways (proprioceptors) Ctrl occur as a phylogenetic 
nidaplidioit. it seems useful 10 classify these behavior patterns as 
fixed actio** patterns ;,«s well (1. l : .ibMabesfddt l%3. 196ti,x k UncOft* 
diikmed reflexes and automatic movcinenls 41 re extreme-. iha! jjl- 
connccted by means of numerous transitions, 

When discussing earlier (ice automatisms of fins and fin rays we 
discovered ilie hierarchical organisation of the lined action patterns, 
III is holds for all complex fixed action patterns, whether 1 hey are 
birdsongs or a sucking movement, They can be subdivided into 
elements which m n>rn are Used action patterns. However it is 
possible, m priiiLipk, to sei an upper limit where all I hose func¬ 
tion.! I motor units are called a fixed action patlern which are 
activated once by external stimuli Or spuniiinesiudy. and which 
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continue in tire absence- of jddilkma] external stimuli. The orderly 
sequence doe* not have to resL exdusivefy in an automalic. central 
poilern of excitation. Intermil wisin' stimulation frequently control* 
etie di'-charec of a movcnwin piUterr* in the manner of a chain 
pfiK'A- As long os ihtir regulating influence has been determined 
genetically, and (he moveMeiil pattern doe* nol depend upon addi- 
lional exte rnal stimuli, one Ciim speak of fixed action pal ferns. If 
live Concept wer t restricted to puidy centrally Coordinated ilulortialic 
ituntmeglEv lhen, in (he opinion of this author, a too rigorous 
limitation of the concept would Ik the result. especially because ibe 
demonsLraiion of fixed action patterns would Eheri he dillieuli to 
achieve in many eases, When taxis components are added ip. 173. 
«( speak of instinctive Likins 

If. on the oths’r hand, an ordered movcnicnl sequence comes 
about when the occurrence of a behavior change* (he rdeasing 
stimulus kituiiion .init activates new behasror via this new siiniulus 
situation. then we are confronted by a chain of fixed action pat¬ 
terns Epp IS* ft-J. 

Such a chain exists, for example, if a falcon separates hi* victim 
from a flock of birds by means of a sham attack. Then, w hen he 
has been successful, he captures the single bktl. plucks ■(. and eat* 
■e. In this ease each suix-ccdina stage presupposes a new and ade¬ 
quate stimulus situation, which i> brought about by the activity of 
the animal A fixed action pattetn ix always an In kirn, intern ally 
coordinated *eqiience. which merely requires a releasing oimutus. 





4 MOTIVATING FACTORS 


Ah 1 havt Lcicij it> muLc dear in Cfaapier 3. a behanor js nol merely 
a response The animal & nol simply an aulumr 

item into which one drops a co-in, for which one t?irn a 

response, The animal is acme also because of internal motivating 
meehaniMTtJ Ihis is convincingly illu si rated in the study of intact 
animals, Anscnjjs that arc maintained under consEanl. conditions 
display, for example, a circadian rhythm isue p. >, rest and 
activity foJkwiDg an endogenous periodicity that coincides approxi¬ 
mately w-ith (be day-iughl rhythm. The anemone {MtiruiitiTti) shows 
spontaneous rhythmic contractions in iO-sniinuie intervals (EL J. 
Sathiim and C F, A. Pantin 1950y. Furthermore., animals that for 
a time have had no opportunity to perform a certain behavior 
pjltcrn arc in a state of spociEic readiness so perform precisely the 
behavior pattern they were unable to perform- W. Cf.iig (1$|3> 
clearly recognized this spec ilk drive state. The observer at first notes 
merely a general restlessness of the animal—one has the impression 
“as if it were searching for something.'" 

Th at th is i> not merely a general motor restlessness hut the «- 
press km of a sped Ik readiness to ad can be recognized by. the 
readme- to respond to specific releasing stimuli; The thimy animal 
seeks water and passes up Idod objeeis. An animal m j htiming 
'ntood“ searches |i*r a releasing situation that permits the discharge 
of burning behavior patterns. and the sexually motto ltd animal 
searches for appropriate stimuli. If it does nut mid adequate releasing 
objects, i! may on occasion accept substitute objects. Female rats 
are so ready to retrieve during the first tew days following panuro 
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iw»n ibat they wlIJ repeatedly gu%p iciicjr own taiL Kirk»« it iii ch-eir 
mouth. and deposit ii in llteir nesl. Somfiintn they even grasp 
one of iheir own hind leg* ami limp into the nesl on three legs 

Eibl-Eibesfeldt l%3: W. L. Wilsoneroft and f). Ii. Shupc |4(iS| 
The specific search for .1 releasing viiuatwn. "h^h tt Ciaii!. (1918.) 
vailed upp fV.'Fji t 1 W 1 rj 1 jl' t. ii variable and adaptable to vh.iugiiig sstuj’ 
Lion:’. The animat musl be capable of mastering detours. tful lie 
beufcccn ii and .1 dtiirnl goal that is reme in he urd. lo when. 41 Jog 
in a mood 1 o hunl proceed-. toward a -.hielcen yard known to him. 
Qn.ee be has found ihe rdc-nsing situation, ik more automatically 
dawharged fixed Jeiion patterns of prey catching run oFT, I heir 
osvuitenee net only changes the releasing stimulus situation (p. 169) 
but re-mlis also, as W. Craig already stated, in a change of mood 
One often speaks of a dwe-redticing ranrMnrafwifiifv aei. In cals 
the behavior patterns of prey catching. lying in wail, creeping, catch" 
mg, jumping on, and pawing itorrndllv occur in a ■_■<cL; 11 n -.etjiienee, 
which is directed by the releasing situation. Beyond lhat. however. P. 
Ley hausen I.I96$ii)dehlOnsIriUed thji eicls of these individtMI actions 
a bo bar its own spontaneous motivation, If a cue tus had no oppo-r- 
tunjiy io perform otic or the other action. Ibis action will decetop 
its own appetitive behavior. The animal searches for 41 releasing 
stimulus situation. merely 10 pat or catch. The mouse alternately 
becomes an object to be coughl. to be intently observed, killed, 
ealeu. or pawed. The behavior patterns leading up to each action 
then become appetitive behavior for the desired consummalory act 
m each specific case 

Appetitive behavior can also be denwwsirated by electrical brain 
stimulation Cats that arc eating siop when stimulated in certain 
points of 1 he hypothalamus and aiiack a rat which has until then 
been ignored. If they do not see prey they search- and ihey learn 
a naie when Ihey find as a reward .1 «i they are allowed to .ill tieL 
Rah stop eating if Lhe appetitive behavior for gnawing is released 
by electrical stimulation and begin to search for objects that arc 
suilable for gnawing. They also leiirn 41 maze under ihis motivation 
ttv. W Ftoberii and H. O. Kiev. I9fid: W. W. Roberts and P- J. 
Carey |%5k 

The specific readiness to act or the mood of an animal b aho 
shown in ,1 nolM'able lowering of the threshold for certain releasing 
siimuli. A peed,ilor in 41 mood 10 hunt will react most readily 1o 
stimuli that release hunting-behavior patterns, If presented from 
hunting for some time rt will even accept substitute objects, and in 
some instances the response may occur in vacuo following a pro* 
longed absence of the appropriate releasing Siimuli (p. 5Jg At 
the same lime (he thresholds for other behavior patients, for l-.s- 
itmpk those belonging to the area of sevoal behavior. are raised 
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'iK-h ciui very strong retailing ounuii are [<i|uis<i,l io de-uact the 
jnim.il from ics hunting and switch it to sexual bctiA\ idf. 

The observations on inlacL animal* show that lixed action pat¬ 
terns often occur id sets. and (lien they atva show a common and 
idcfUiod fluct nation of the releasing thresholds. This points to 4 
common physiological mechanism. The sets of behavior pa nereis 
arc to some extent tmiluufly exclusive In male dchlids a readiness 
to Jtec n»ppfC4S« x readiness to light a* well as to court- The tMili- 
ness el> lili ;ic k jjid to l u o nrt, however. arc pod Lively u>rrdated Not 
so in cicblid females, where a readiness to attack generally xup- 
pltsttt sexual rciLilii.i,'.' |It. 0<hlert Jn males sticklebacks 

■Jlc readiness to ecniei suppresses Hit readiness to bite. E h . SevensLer 
1 19hXi rewarded the males w lienevcr they swam through a ring hy 
briefly lifting an opaque seceen in from of & glass pane so that 
ihe male could see a neighboring female and ooun it. The mates 
learned their task slowly, because Lhcy rarely swam through 
rings of their own accord. Once they had learned it. however, they 
passed the ring several Limes in a session without delay in order to see 
the female, If the task w-js to bite a rod for the same reward, they 
learned ibcs very fast, because they often spontaneously bile and 
nibble on reals. Keen so. however, they never achieved a high 
q-uerta of success, as they seem to be unable to repeat the hiring 
immediately after the performance of the courting dance. Although 
they often HUd m front of the bar. clearly intending lo bite it. 
they could not bring themselves to do it, owing, obviously, lo an 
inner inhibition, biting and attacking, in contrast, do not inhibit each 
ui her, One male quickly learned to bite the bar if rewarded with 
Cbtr view- of a rival whom, he could light through the glass pane, 
Whenever the opaque screen was lowered again, he would bite 
the rod without delay ftcviignition of these kinds iif relationships 
permits one to draw inferences about the mechanisms node riving 
this behavior (p. 0G2| During continuous observations one records 
the sequence of several behavior patterns, computes the correla¬ 
tion, and sets up models rli.ii express rlicsc relationships 

Examples for this type of maiivaifon umtlyiH are found in the 
wort of D, Morris (I95S>, I*. K. Wkpkcma <1961 k and W. Heili- 
genherg 1 1964). In male ten-spnivd sticklebacks t Pygvitcui 
Morris showed that |7tA dances were followed hy 1232 jumets 
(71M percent), On the other hand. 10S nest-showing actions were 
followed hy ? 3 percent attacks | percent nesting, anti 93 7 percent 
sexual behavior. One cun conclude from thew results that aggression 
is dominant during the early stages of stidclcback courtship and 
(he sexual drive later, 

AppetcLi-ie behai ku U always ihe hr:-1 indication c I a specific in-* 

Ct-m.ll il.iiIliil-vs li> act, Lhis iiiik'-J |s the evprirsswiu lit -i phxsMilagit'id 


MQHtfANMG FACTORS 


47 


sui'c,jisujILj called .l davt, winch can bn; measured c|u^i nLLL.i li w f! ■■. 

Uy mciiit'' tif brain Mlmuhition with thin elec-trodd*, 1 - v. Holst 
anJ U. v. Soint-Pnui 4 19t<0) acLi.v.aieJ various drives in intaei chickens. 
Upcwi stimulation Lhc chicken-. begun, for esaniple. to walk about 
restlessly* That (his was not (he aeiivjinm of a more general activity, 
but a typical appetitive behavior uj* made clear when [lie animal 
was offered variously a rival. .1 kmale, w,uer. or rood. The chic-kens 
always responded to .1 pa nktiliir object e. Ism :i particular point was 
stimulated, ku the duration of ihe brain slim ulus. The strength of 
I be activated drive wrjj measured b|i E. v, Holsi and y. v. Sain t- 
Paul by die level of sLimulus current necessary to release the be¬ 
havior. For iartaripe. if they activated two opposing driven, such as 
1 hose for sitting down and si andmg up, hnreans of two clvvirtsdes 
placed at [wo dptlerenl positions in the brain stem, they were able 
10 measure tin volts) how strongly a chicken was motivated to sic 
jiid to SLand, respectively 1 Fig. |7). They could measure changes 
in the specific readiness for each behavior. A thicken 1 !l:i i was 
originally motivated to stand was brio'chi into a suime mood, lnl- 
liiwirg repeated activation sf ihe uttinji behavior; after this chance 
:i stronger stimulus, was now required Eo release Mnnding up 

The ofeservijl ion* and evperi men is w i 1 b ini act an! m.iK shi.ru dearly 
1 hat a living organism is not it relies. automaton; wailing passively 
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|h* fUOgX^W0 i*n* 1 tit fldlVjkd <S IlTODgi HmJ 0W1: BfSfT J MSkI UlMCf 111* 
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icand^g *i tenp rftw i*e sImhu*u». •** (W, Km*i st'Ength di"***™ 

COmpcnMtt (Kh 1ll*r U. lit* utk# IWi« CV>StanI Th# eCiW.1l pftK*V. ihai 

pndKiei HWM? W-W ■* stM^med by Ihe .-i.dill* tv« Brow 0w Jets Mo I ha 

pll-rS>rs*&9<£»S Mlmgi O'wa i5 Jbose Ihe -.l.in.H-ij il’na- "Hi ill -»;iih od |I«.- T * 0ir.tn •.,!< 

be otHS4ii«o la teng » IK* tiMiktl ! i* ttw threshokj -.jiii# ife* ««.•.! be c«ss«sd l© 
Uwt* th* •wtvit te *U«1 MP b a mean!** et ih* sireitgnh pf rlw nlMg lhai; 
must be (M*cMrte |Alw E. >. Nabi JCHl U v Sam-PmI 11 Mvj 1 
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tor - 11 m cjI* from Ilit outside to which k (hen responds. Rathet, n 
rtu^jvitigd ironi wiihm m net isi a specific nunncr, What are the 
motivating faclors behind such a spec Lite readiness to act? Whist 
nre (he mechanisms 3 whkih bring, the animal inis a stale of specific 
restlessness, and whji leads to [he termination of (he ujicc activated 
behavior"? Lei vs mmint these questions with some examples. 

Many investigations deaf with the phenomenon of "thirst"" {sum¬ 
mary by A, V, Wolf [ I9JB]}, H was found that the appetUive behavior 
of searching for water Is released by osmoreceptors in, th-c hypot hn ta¬ 
rn os, They report hyperUmicity uf the blood, and by injecting saline 
solution into the veins of does and people rliey can be made thirsty, 
On the other hand. at is possible to eliminaie (hirst by intravenous 
injection eif writer, If itnmulc quanlilies of a hypertonic saline 
solution arc injected directly into ihe hypothalamus. Ihe animal also 
becomes thirsty: the same effect is achieved by electrical srlimitation 
of this area in rats and goats, 

A thirsty animal does not have to continue drinking until the 
normal osmotic value of its body Hind* bus been restored, There 
would be danger of too much water being taken in. because resorp¬ 
tion lakes some time. As a hind of safely measure, the amount of 
water in ihe Monueh and the swallowing activity itself is taken into 
ircomtl |K T. Relluws 1939; El. I. Towbin 1949|. 

Dogs provided wiih an esophageal fiviuJa. Ihrough which all 
I he water Ihey drank drained outside, drank regularly and Stopped 
after a certain time, but this satiation through the act of drinking 
did noL last very long, Jf the stomach of Ihe drinking animal was 
also filled with water satiation was more lasting and correspond¬ 
ingly less waler was taken in by mouth. If a rubber baltooo was 
inserted into the stomach and blown up. the amount of sham drinking 
was also significantly decreased. This drinking activity is com rolled 
by several mechanisms; the osmoreceptors in the hypothalamus 
release ihe appetilivc behavior for drinking and finally terminate 
it, while a shon-term "satiatum of thirst " is achieved by filling the 
stomach and by the drinking activity itself. The tail activity is 
especially interesting for us because it often appeals as if ihe mere 
pcribrnwi nee of the movements is "drive reducing." 

In this connection (he Observmkm-s of 13 W Ploog (1964a} and 
It. A. SpitJ. (195Tj deserve special attention, Both noted a clear corre¬ 
lation between, the degree of satintkm and Lhe amount of sucking 
movements in infants. If the infants had taken in a eeriain quantity 
of food daring 20 minutes by sucking, they were satisfied and slept. 
If the openings in the nipples were too large, so Hut the same 
amount or even 50 percent was sucked within $ minutes, Lhcv re- 

' lWin. rp»*n[] cf nsKhvtams, w* re#** id ihe urate* el ih* nftvuo- 

nsich.nnry ■"re^wjg ri in* jpreifie eeiwnnyi ■?! a" an-nat. 
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niiiined dissatisfied They eoifiinued il> suck in vacuo and began 10 
cry, if they were given (he empty bottle. they <miinued to such 
for another 1-0 10 15 minutes and then seemed satisfied. According 
to M. Mead (1957). infu.n1s of peoples who have ncH been influenced 
by W«tem *•»>•» a ml who begin to nurse on ilhcir mothers shortly 
after birih. do not such their ihumb*. Puppies fed- from nipples 
»ith a large opening afterward sucked on iheif o*‘n bodies -and 
during sleep On the other hand, when they were nursed wuh 
nipples containing small lilies they did not (D. M. Levy |9J4: S. 
Ross L9SI h Calves that ore fed. from buckets, and hence drink their 
milk loo fast, develop the habit of sucking on their steel chains or 
shi oilier calves. Some become stumLed as a result ot this, they show 
ihe so-called longue flick, which is perhaps a vacuum-sucking 
stereotypy, K. 7cch (personal communication) was .ihltr m eliminate 
this hetLasioir by letting evert older heifers drink, only from a bucket 
fitted with a rubber nipple. Ducks ihut have been fed gnirn on land 
dabble in vacuo (Iv. Lorenz 196JL 

These 3ic a number of comprehensive investigations dealing with 
the mechanisms lhat reculaic flic intake of food in mammals (L. 
de Rtulcr 1963; J, Mayer and l>. W. Thomas l%7f The glucose 
level of the blood is registered by glucose receptors in the hypo- 
1 hakim us. The motivating systems are located in the liypoih-ilamui: 
Electrical slimulalion of the lateral part leads to an increased fin'd 
intake, but there arc also activating and inhibiting systems outside 
the hypothalamic region [B, G, Mocbel and I* Teitelbaum l%2: 
i 1 . Teiielbaum Ittfcl). The sntiaiing mechanism is tentilivc 14 an 
increase in the glucose level of [he blood, but. us with drinking,, 
filling of the stomach leads also to an inhibition. Mechanical 
wepwh report tin volume to the veutiomeJia I hypothalamus 
and chemical receptors report the ^ualiLy of ihe food that was 
lulen in. 

In the blowfly the appetitive behavior for feeding depends on 
ihe amount of food in Ihe foregul. When Ihe foregul is filled, 
inhibiting impulses pass via Ihe nervus rsetMrens to the central 
nervous svseem. If ihe nervus recurrens is cul. the feed in a inhibit- 1 

r V 

turn is removed, and the fly continues to suck up food until she 
becomes eeUemely' distended and dies (V. G. Oeihief and D. Boden- 
stein 1938). 

The interaction of external and internal Factors affecting the 
fanning drive of the stickleback was investigated v - tc-rscl 

1 19$3)- After males had fertilised three io four clutches of eggs ihcir 
sexual drive waned and they began to ventilate the eggs with fan¬ 
ning movement! Of their pectoral fins Van fefsel mu.i wired the 
intensity of fanning and found that ihe total fanning time increases 
from day (ci Jay umlil (he young hatch bat drops sharply shortly 
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chercjltcr. 1 he increase ■•! larming activity is caused by ihe oxygen 
comsuraplion of 4he eggs: If the C0 2 cunlcnt of (he water is artificially 
raised, (he slkUcluck wj|| Tan mure. However. Ihe fanning activity 
does not depend exclusively ypon external stimuli, as i* shown by 
ihe following esperimeal: Jf one preterits a (aiming male with a 
new clutch just prior to the end of Ihe fanning: cycle and shortly 
before Ihe activity ilops completely. Ohe fail induce a new fanning 
cycle that is very similar no ihe previous one- Use peak of fanning 
js lo«w. however, arid if additional eyrie* are induced, ihe peaks 
will successively hr lower (Fig. Uij. Since the releasing stimulus 
situation is always the same, this change must be dependent on 
evenls within She stickleback The methanrons ckT drive reduction in 
Ihe se^uaJ. behavior of male siickirbacLs were investigated by .-V. C, 
A. Seveiisier-BoJ (1962), She found that ibr pn-M i LC of eggs in 
Lhe nesl and not the act of Icruli/.iLicm functions as an inhibiting 
stimulus situation for the zigzag dance and for leading by Lhe male. 

L>. S. Lehman 1 1961) investigated the development of lhe repri*« 
ductive behavior of the ring dove {Sirepiaprfia rizaria) Males or 
females that were placed alone into a cage containing a nest and 
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Cggs Lusuld ill 1 ! bu induced (ti mvuh.iLi; them A vacuo! partner h.ld 
(o be pf««nl When pairs were plated into a cage with ,i aest 
;irtd eggs. they emitted. built a nest. ;i tiuL from the MHhi day on mint 
began 1o incubate: by I he seventh day all did. t: could be ibat iho 
bard*, would h&v< m becoma: used 1o she cage: therefore. Lehman 
placed the pjir into a test cage bui separated ihe partners by an 
opaque panilian. When he plated them together afar 7 days and 
gave (Jifsn nnl and egg*. they still required 7 days before thev began 
W jneuhgic. Thus becoming Used to a cage was not a fa dor. If. 
on ik other hand, he kept the animals with their partner and nest¬ 
ing material in (he cage and gave them eggs mi il»c seventh dat, 
they till ins-uhoied within 2 hour* Tf he did not give them nesting 
material lira and presented them with a nest and eggs oei dav 7, 
Ihcy built nests, first; some began to incubate the same das and 
the iHhcj* by ihe end of Ihe nest day, 

The birds seem to pass through two- stages: First, courtship 
induces Ihe readiness to build a ne>l. and Shis, in lurn. induces the 
readiness to incubate eggs. It is sufficient that ferrules can see males 
through a glass partition, provided Ihe moles eourl. C Erickson and 
D. S Lchfman t]%4i presemed females with castrated males (which 
do not count and this had no <f«1 on ovarian development —an 
elcganl demonstration of the itgrtiScance of Lhe eLUUrtship behavior. 
The changes induced by courtship behavior are hormonal. Lehman 
injected SO pasts of doves with progesterone 7 days prior io placing 
them together. If be then presented them vtUh eggs, they incubated 
at omcc- If he injected them with estrogen instead, they began to 
build a nest first and incubated within 11 days AvCOtfdirig 10 K. A. 
Hindc (1*65). the courting canary male st mulate- estrogen produc- 
1 icm. in the female. 

The interaction of various motivating factors sn the courtship be 
havior of canaries are -qteilc complex (fig |9| Changes in day length 
induce growth of the gtmjds ;ir=d esirogen production via a mecha¬ 
nism in the hypothalamus and the hypophysis. The latler is a He vied 
by stimuli coming from the male, I he female responds to Lhe enuning 
male while under the inlldenee of estrogen and builds a grass nest 
This, in turn, further sumutates the female. The nest. logethci wsth 
the esinoeen, stimulates the dev*6cpm*rit of the brood patch and the 
oviducts which are farther stimulated In their development by hv- 
ond&ry hurmcwics Initially activated by (he esiroged. Then ihe eggs 
ate laid. As a mvl( of increased sensitivity lo the nesi. the bird 
stops building with grass and selects l'h. 1 y feathers. CrmEacI of Ihe 
brood patch with eggs amd nest now inducts incubation, tt A Hinde 
i 1965.1 eruphavivt's four points m his sum,man about these inlcrucriMi*: 
I. The causes and consequences of sexual behavior a re closely inter¬ 
twined with ncsl building -ind cannot be understood by themselves. 
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2, The esEffriwiI slimvti inJura endocrine vtabgv* to a re .idikd to 

Lbi•./ ■nl1u?iis'4. , s 4Ui ?Jiu tnliiiY iftf. 

3. Hormone pfmliiLiiojn has. multiple causes. 

•5 HormObte have muEtiple effects, 
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L. R. Ammon 1 1949} found ihat vwhJid females iTi&ipiv rtHdritO- 
ctptwitt\ prepared nu typical nest pits when alone Cf ?hty see a mate, 
mn through a gla-^ in the ncxl tank, their Varies begin to develop 
and they begin tr> build a nest. 

Similarly. other external stimuli participate. via I he hormonal 
-■;■ '■■-n:. in. the buildup of a drive The iiivrea-« in length of day 
during. Ilie spline stimulates in many songbirds Lhe growth and 
aclivitj of the gonads and hormone production and in tfoi- way 
induce? the reproductive drive. 

Common house mice build a nest s-hcnnEy before parturition. for 
which Ihey use up cl> four rim** as much nesting material as for 
iheir sleeping nests. This nest building can be released by the injec¬ 
tion of the hontvune progesterone, but nor by pnofactin. The hor* 
nwnally stimulated rust-building drive normally w-anes immediately 
following parturition. hut the increased nest-building activity is 
maintained by the presence of Lhe young in the nest. If the voone 
are removed, this activity decreases Virgin females can be stimulated 
lo build nests if one presents them uiih very small count! IG. Koiler 
W$; see -also Figs. 20 and 2 1). 

Hl>w decisively and specifically hormones are involved in the 
organ uj non of drives can be seen in rhe numerous expefienents on 
rise v;-xu-il bch.tvior of castrated and hormone-treated animal- (F. A. 
Beach. ISMS). Female dogs urinate ;n a squatting position, while 
males stand and raise one lea,. The development of this be has ior 
depends on the male sea. hormone Young males still urinate without 
raising lhe leg and continue to do so If they are castrated before 
they arc 4 months old- If injected with icstoMerone, they later raise 
a hind teg while urinating. Females do the same if ihey are spayed 
shortly after birth and trealed with progesterone buL not when they 
are ipuyed a> adults (T. Martins and I ft. Valle 1948). 

In Lhe golden hamster there is a dear negative correlation between 
sexual receptivity and aggression, which is dependent on hormones. 
Golden hams.icTs in citrous show n decreased readiness to attack 
males in the rolling; period (J. W. Ktslacle and F. A. Beach 19$$}. 

From what has been said so far, M can be seen thut a jtpecLIk 
readiness to act van be ickawd by many ■.!ille-v:ii factor*, .u'.d ihu 
it is activated usually through, lhe interaction, of several We discussed 
external stimuli {day length, scxu.il partner), internal stimuli, and 
hormones. 

Th e main problem in respect to the fixed action pattern, which 
ha- been hi tic ins estimated to date, is conce-ntedi wiLh the lawful 
fluctuation of the inner readiness to act, which cannot he explained 
on the bjsi- oi facipis discussed so far. K. Lorenz (1937) writes about 
his well-fed starling, which never had the opp*>r<»J ruts, to catch five 
insects but would nevertheless fly up into the air from its perch, act 



MOTIVATING FA<TQH$ 


$4 




Fijji* 10 Tap e*oci oi «.6-l E. co*?>; .'^um hormone iPTajcviiw •• 8s**win> 
ctri ihnw c,Hirj'hJ hK'isto (IK*; tolw- «citw in Pw fajKt'ig stTvity Ol * 
Pw ii*f«<e*i c-1 nnn>ttr&n rr-nui* p^m [ar«m'1. iTep: 
*<(irrt G B [1^5 5^ ocnam. jF*» 6. Wter 


,1’. Mil w-ere eilihifij nwieihiflg, re urn io ies perch, perform billing 
nnwemeno,. and im.illy swallow, although Lorenz assured himself 
ih.'it the bird hud euaght no prey—a good example of behavior in 

’.-.I-.' 21 ':■■■ k i ■. ■.t i I' “••.'•', :>! w. .11<;•, j }h ■I.'i.'-i i . gitmifn i i 

who .showed Lnsevt prcyoiL-hing, behavior in vacuo during %lrung 
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frost* wlicn insects urc absent. Young honey buu.itJs while Jill hi 
ihe mm already perform ihe movements associated with digging out 
soisp npis [K. Genii l$35|. &iidtlefcMCki also »«« in tfaeuo (N_ 
Tinbergen 1952). Many more eisanij’ik* of such behavior* in vacuo 
arc now known tL Koenig 1953; p„ Let hausen 1956: and others». 
It has also been shown that ihe mere perfonmauee of a movemenl 
con he rewarding in itself. We cited the example of isnsfving the 
sucking drive (p. 45). 

Jo Ihe very aggressive ciehlids £rr»^tfuj, t/rm uk/titi and fri , r.'pJj|jgni 
bfwitieniis Ihe males must tig hi with other mules before success fo 6 
pairings wnh female* ran Lake place. If they are not given the op¬ 
portunity io fight they kill their females, because ihe' discharge 
Iheir aggression on them. To avoid this, it is only eiceeisafv tu, sepu^ 
fate V*‘G pairs t>y a glass parti I ion; then ihe males light at the glass 
and Jo not huno their females The same MCvP i P Other CsnfispcCdics 
ate kepi in a sufficiently large Lank with them. If these "whipping 
buys" arc removed, lb? muk regularly attacks the female and finally 
kills her [k. I.otvuz Id63). A. Rasa < IDH&U) in testified, ihis in Eiroplus 
matniatui and oonlirmeJ Ihe lindings of Lorenz. Those males that 
mold attack other fish in their tank directed lew utiacis against their 
femufes Being able to attack. neighbors. if only through a glass 
partition. Hies showed little aggression toward their femafes. If there 
was no stranger to allack. they fcusghl with their females, and the 
nmnlscs' of all asks dime ted ai them was markedly increased In eom« 


3 W (SmiocX, 0, Wane, «rd M Mo,n'*i<ui 4 Ifin;'l i tm proposed to replar.? ih# ■.•-.r 
"efevom *cSfifiOf~ wnh dip lem "trwito* twcauM one copy (■«:-,-*» cenan 

IS* CtHVffeftt H O' * iHS.nr .3 fl'Jl IS* L <-rn ''v.h-|u>-, ill*'. 

OQI pTiptv Ehrt, SB «¥* p'.'r 81 WU rffMl |S* pliganil Hfm 





















































A.iOWiri'V> FAcronj 


M 

panson Id 4h-u numk? in Etrv twoothcr groups (Fig 22 >. This increase 
m aggressive behavior i<jiA;ir4 their dn*n females. which ^-ri? at first 
not URtJW-itHXid, Ii'uy tiC due IO iht female's OOntLhlicd 1 -fTnrLS. irt seek 
Lv-itt.LLi wtlh chi: mate in spite of his attacks. An jnv'ctligation of ihe 
spontaneity of aggression »n tkhlids lhal wew rawed in iwlulion 
from contpedSoi is unierwiy, In view- of ihe great theoretic*] sig- 
nilkancc of this phenomenon, invustijraiHinh of other vertebrates are 
needed. 

W. tleihgenbcrg (l%4) demonsirated that the readiness to light 
w*nv$ in male sichlids ^Pritimt&chFumis iutwceNaiu:, | if i he animals 
right briefly without damaging one another. They Mtr noi generally 
fatigued, as w-as demonstrated by their readiness to perform other 
behavior patterns. O. Drees il“)52> cave sallidd spiders an op* 
ponunity to exhaust prey-catching behavior, including approach 
running. Mall,mg. and creeping* long before overall physical fatigue 
set in, tie was able to rule out avoidance conditioning and adapta¬ 
tion of afferent mechanisms ip. 81 |l to he interpreted these cent ml 
d-nniinng up and discharge processes in line with K. Lorenz's 
hypothesis. 

If the gobbling call-* of the male turkey is repeatedly Tclea^d by 
a stimulus of constanl amplitude and frequency, the threshold for 
ihis -ii:nulus is raised, and the animal will no longer tall Ibis 
depends primarily upon adaptive processes of afferent* releasing 
mechanisms (p, til*. because Ihe gobbling calls immediately reap¬ 
pear in response W a 10ne of different frequency and amplitude, 
even if the new- stimulus j» normally lt» effective as a reko-sef ihan 
the CMte in the preceding stimuli series. If the Iwo differentially 
effective stimuli are presented alternately in a continuing sequence, 
the weaker of the two is soOn not responded 10. which points to a 
cemmi fatiguing process in Addition to adaptation (M. Schleidi 1954). 

In the eiehlid Pthwt&tltromis suboctliaitis kribemis the readiness 
10 light is increased, as measured by the number of bites. following 
j short light, but wanes increasingly os the fights continue: Shon 
pauses lead again to an increase, the “sera inlna” (sifting), ;i move¬ 
ment associated with feeding, suppresses alLatk bites. Shortly before 
and during straining the attack readiness is markedly decreased, 
afterward it is dearly hdgJver. El appears as if the fish had “saved 
up'" the biting behavior, or as if it had accumulated during the 
straining period. The digging movement of biting inlo the sand discs 
not have the same influence on biting against ednspeci fits. 

In physiology a similar iticUmulaliMl phenomenon has been known 
vmcv 1492 as :,pirwl twrirtoi (C- S. Sherringionh F. v. Holst (1937) 
investigated if in more detail in the sea horse. This fish swims about 
scry little huL usually fastens itself fo some weeds with its prchcnole 
1 A (■*> i%e I;h> n* v.vous amf loom. 
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10 il i Ls dof Mi I I’m is collapsed. I lit; dorsal lilt is raised only w liei: the 
lish swims. and it beats tn -rim iwdvfciling movement If the spinal 
oOftl is cut, this docs IU)I l.iijm.-. ;lS in must Sj-.lL, nimihihiI,.i! sfU'i’j- 
iii'.Lni iK loco moling movements ip. 31 1 . instead the dorsal lin of 
the -fih.il sea horse remains in a half-rinsed position. If the animal 
is gently squyyryd in the gill region, thy tin is folded dnwn com¬ 
pletely. When the hsh is released Mil- Ini iv raised .1 litllcr higher than 
before. If this is repealed .ied the fish is held lunger, the dojsal lin 
is raised completely and begins to undulate. Havana been prevented 
from doing so by an inhihiiug siunulus caused by Ihe squeeze hold. 
The explanation for this peculiar phenuinynon is that the automa¬ 
tism Hp. 33j for the swimming movement of the sy..s horse produces 
only a very small amount of endogenous eedialnry potential, so 
that it has 1o ajuunuble sufficiently before the swimming move- 
men ls tan occur, Thus accumulation is achieved by a reflexive inhi¬ 
bit ion of the swimming movements In the spinal sen hiirw ihis 
an hi h Li i h i is laokinc. accumulation of excitatory potential docs not 
lake place, and ihe weak aclion specific "excitation" is continuously 
discharged-. causing the half-miscd position of the dorsal fin, 

We are reminded in this eonnpctrnn that K v. Hoist H.p. 33| 
demonstrated die central spontaneity underlying swimming move¬ 
ments of some fish The extent Of thni endogenous excitation produc¬ 
tion varies from species to (pedes. In the eel. which swims a lot. 
a spinal preparation will show undulating movements nriiiJ it dies- 
In the sea horse, which moves relatively link. Ihe underlying au¬ 
tomatism becomes visible only when continuous discharge is prevented 
esperimvnHilly in a spinal animal, and on aecumuJatron of excitatory 
pencoiiai »s achieved in this way It Ls quite possible that Ihe 
relative need for movement in higher vertebrates can be under¬ 
stood in terms of such differences in the aecumyliuion of central 
ewilato-ry potential. The lion, which stalks its prey, is a calm animal 
that nt;iy be kept in a small cage, Weasels and woUes, which run 
down thrjf prey, have a g/ea l need to run and wiLl yon linny to 
discharge this drive after feeding to satiation, by running up and 
down pri their cages for hours. 

K. Loren* and E- v. HoL-.t rccogn i-'yd Lhc ctMineeiion between 
these phj siohvgie.il stales and Mil- observations in regard to ihe spon- 
Umeiiy of instinctive behavior of intacl animals K I wen* hypotliv- 
ilu( each Used action panes□ not Only those .pi locomotion 
is bawd u [vm ttceumuLnion of central ecuEaitwy potential of I:. v. 
Holsts auUifnaliSms. UjUi this g enerau rjLion fie bridged Ihe gap 
hekvivn bdiaviorjstudKs and physiology. The investigations of many 
ethologists .jnd physiologists have since supported ihic view, K IJ. 
Roeder (1955) noted I hat relies movements possess an eiidngecious- 
ablOmatk hav,\ which is not soflieicnt for ;l spontaneous discharge 
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What buxih-cnnijl even is wiilLi-ri ths central nervous system cor¬ 
respond lo or are ear related wiih the observed lluviujiiojis of ihe 
specific readiness 10 Ml (specific excitatory patemUb;] & nol known. 
fVrhaps the key lo an understanding of Lhcse phenomena is in iht 
catecholamine metabolism. ftectm i matigaito iiii iiliaiie Uul anima l 
■.ind human behavior i| dependent n: *ok.ic way on the caJechyLiiL- 
min? Level t noradrenaline and dopanucKy js well as on md-uLuiLux 
seruioiiin !>■ lie* that lower iltc eend.il catecholamine level have 
e-ilmine erfcst. tlio-i- SliuL raise ihts- M el sii niulate Ihe motor acikity 
.irisf .led re N'IX C lie'.v 111 nun they halve an aim depressive elleel. Tile 
rttaitner in w hich tliesc Mihsl.iiwe' ■ I ■ -rTII irI.neav r. but il lias been 
suspected that ihey are invoked in aiding synaplfc I mu srnission. 
Their acoumulalion and depletion jl certain localnmc in the brain 
migHl JKkvsJMy ewplum ihe phenomena of central lowering .,s well 
as ralltlig of thresholds ff! M T'CTcH TWIT 0. VI. Evercil and 
R "C. Wiegnnd 1962: D. X. i-Vo<diki^im and N I, Giorman, I96J; 
N- J. Giahiiin and D X, Treed man 1%J; j. .1 Sell ildk rant ,1965. 
I. J. Sehildiiraut and S. S. RcLy 19671. 

I I Hah {1965} and R Hauler and 1. J. Etak (1966) were .ibtc 
m demonstrate ihe existence 6f MibmicTOscopic catecholamine stores, 
which changed under Lhe influence of drugs. ft.eserpine depleLes these 
catecholamine 'lores and possibly results then in a tossof spontaneous 
activity Tullovi ir*g Lprojianid add ilium, catecholamine slopes are 
re pic ted. and spontaneous movements increase ji ihe same line. 

The implieaiions iJiat follow if we postulate an aectinsulaiioil of 
a eeniiat ncrvi.Hi'c cxchiitory potential as Ihe basis for instinctive be¬ 
havior arc of great importance lor human elhoiogy. Many examples 

iridic Jie Ilia I man. is dependent upon JIL aeLiirnulilion of ecu I r.;] 
citilalOf) polenlial in some areas of his behavior, which Lr difficult 
lo sunlrol because he is not conscious oF il and which affects his 
inner readiness to ui in a ' peons *ay along with ullivr motivating 
factors. Titus may be true. for example, of the aggressive drive, which 
in piesenl-day human socidy finds scry few adequate opportunities 
for discharge. The constant endogenous accumulation of excitatory 
potential continues to lead man to seek a discharge for this drive, 
and an ignorance of the biological conditions he projects his peri* 
tsiialh rtgeiiftanji ‘ .ingCf" outward in hii personal daily lile to 
Ihose who are nes;1 to him. for instance, ihe spouse, and in a larger 
group, possibly again'i minorities or neigh boring peoples*. Only a 
clear understanding of the nature of these phenomena can help us 
m the search for reasonable solutions 






5 BEHAVIOR AS A RESPONSE 
TO A STIMULUS 


Innate releasing mechanism 
as a basis for innate recognition 

I ht conception of a cenifal is'.-vurn jIjlIoii or' cjceiiaicwy potential, 
discharge of which is inhibited by higher ventral controls, require* 
the assumption «f a special aiFcren! mechaniSTO tha! remswes (hc'-e 
inhibitions at ihe biologically .ippropriaie moment. This ncurDHitson 1 
rJiridff rtletufttg mechanism |JRM) allows the central impulses to 
proceed to the e lie cions- only when certain key .stimuli are cncOuw 
(e-red. Key stimuli ;»l facially simple They can he discovered by 
means of experiments wilh models lh.il arc prevcnud m inexperi¬ 
enced animals. Innate rdeasiou mechanisms, which r<tpnd nn.^- 
kclively to the simplest stimuli, can become more selective through 
individual experience. The load, which at JitM snaps unseteciivety ai 
moving objects. Men learns lo avoid noxbui prey (p. 262k 

UncondiiiurieiJ stimuli can abo he inhibitory: The search lUUffit- 
1 ism of infanlH a rhyihitiie head Kiaucnnciu when searching lor die 
mpplc. a I once comes lo an end when the child touches Ibo uippte 
wiijt iliL- nN'Liih (||. F K Prechll I95h). Many prcctxial animals 
show an Lriiiaie aenidlRCC of .1 precipice, which then recognize 
visually before hacini! had the adverse ex per knee of falling!, oil a 
djif. Chicks, knJ■. lambs, and 4-week-old kittens which never fell sdf 
unywhere stop when they reach a dill that is covered hv the same 

50 




niLtASvMG MfCMAWSM 


*t 


glass- plate on which they ore stand ir^g. while the less visually oei- 
ented Norway rai walks without hesitation ewi Lhe ukase plaie above 
Lhe abyss {ii- J- Coburn and R l>. W:dk tWOj, PtmillaeltC changes 
whik moving seem co be the effective stimuli. In ordcT to exhibit 
lhe behavior Lhe cals must Jiio-celv have bad visual paUern experi¬ 
ence coupled while actively ndvirg about. Cats thal could walk m 
a routing striped dTuut. hui which were prevented from seeing tlieir 
own feet. reacted to the visual cM. Kittens that were carried passively 
through the same path traversed by the other killcrix. but lacking 
the walking experience, did not avoid the visual cUfl'. Although 1 hoii 
visual impressions had been the some for both groups of j annuls 
(K. Held and A. Flein 1961). Day-old chicks exhibit unlearned visual 
depth discrimination, 't he cues provided by focusing arc critical For 
this discrimination but not the binocular and motion parallax (P. 
tr. Shinknion 19^3>. 'ITuec-day-old chicks Ehal were never fed but 
grew- up under normal lighting conditions preferred Co peck at 
photographs of hilf-sphetex t hue were illuminaled from one side, 
provided they were “"cof neatly" ir3i.ii is, the hrighi side facing 
Upward) oriented. Three-dimensional obyeds normally arc lighlcr 
on lhe upper side, because lhe light normally COtnes from above. 
They prefer mth photographs over others that ate mounted upside 
down, even if they were ratsed in cages that were illuminated from 
Iwlow, which points to an inborn capacity io uiiSLxe surface shadings 
as a stimulus parameter fat three "dimeniiorial objects ( Ft. Daw-kins 
1%S). There undoubtedly exists, then, an ability to innately revog. 
m?e releasing and inhibit ing stimulus situations of a highly complex 
nature, as was also pointed suit bv XV McDwgall (IWt) and J. v. 
Ueatcm.l^l: see also F%, 31). 
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The innjic releasing meeli.i llisflft loSpOnitble Tut (Iksc ilCU-OFI'S i> 
first defined in purely functional lernii. It is .1 ■,lijnilu-, filler, |r-- 
swat within the brain is unknown in must eases. The investigations 
of H. k. Mamrana and Lrihcrs in the leopard fru^ Ifionci 

pipiemt show that analysis and inter! ration of stimuli takes place as 
early as 1 lie retina I level. In the fciiita thev found live tvpcs of 
ganglion tells, which only respond In different stimuli. One group 
tires only briefly when a light is turned on and oil'. They aboresjpond 
to each moving edge and they lire doting a darkening and lighting 
up as well as during the passing of Ik leading and trailing edge of 
a strips*. If the object is stutionafy in I he receptive area of the retina 
ihcse veils do not respond; they only r-espind to changes in contrast — 
they are event deletion. Another croup of pelts doc* nest respond 
to turning light cm and oil', only to the passing of a sirarght or 
cursed edge If it stops the frequency of discharge drops tu a lower 
level of continuous discharge. These cells inform the frog continually 
about the son tours of objects; they arc contour detectors. One group 
of cells is of special interest, bcamse it does not respond 1o a change 
of level of illumination but responds with vigorous, discharges when 
a small object dial is darker than its background passes over the 
receptive field The authors call these "'beetle detectors." Finally, 
I here are special cells that measure the decrease irt 1 Hutu 1 nation and 
others thal measure the light intensity. Here the svluvtivjir of ihc 
stimulus filler already exists in the relina. In the retina of the rabbit 
different nerve celts have been found that process the arriving im¬ 
pulses prior to entry into the cerural nervous system. There ;tre oeils 
Oral lire only when a dark object moves across the visual field in a 
certain direction til B Barlow and others 1964). 

We find in the frog retina several overlapping receplor systems 
whieb process the retinal image, Similar even is occur in the retina 
of the cat. Contrary to what is found in the frog, where the center 
of an on-off area responds at die beginning as well as at the end of 
a light stimulus, the corresponding receptor held of the Eight-adapted 
e-at are ms aituneed thal un on area is surrounded by a peripheral 
off area The investigations of D, H. Hubei and I N. Wiese 1 4 1959. 
1962) dealt with information processing beyond the retinal Olga,nitn- 
lion hy recording 1 he activity of single neurons ut Lhc- forpui'ea 
geniculaia, in the octree* striatum. Ihe visual center of the cat brain, 
alone wnh the retinal events. The Cortical cells interact with the retinal 
receptor areas: they are connected wiih spotific ganglion colls m such 
■« way that a certain retinal stimulus area is projected onto a par¬ 
ticular euetreal tell. If lhc retina rt stimulated uKh a narrow long 
band of 1 1 cli e instead of with a spit oi light and jf one records iron* 
a cell in the striate cortex, the il one obtains responses of various 
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.impliUidL dependent on ihe position and type Of niCrt’fFUtrsl upon 
ihe tijlil-sumultini area. Thus w* cimccNtnlfr ■* tEhin the visual system 
data processing by Heps llval begin tl iht retinal level (Fifc. 24). 

Ihc invfsiigaiioivi of fy H. ktuhcl and T. N. Wiese] [1W31 
demonslrate (hat many oF ihc eompLes physiolcsicai stimulus- 
p/oeesaing rtinriaiMii within the conies of (he cat can he Found in ihc 
newborn Itillcn, The neoral connections that under])' Lhis com pies 
data an use he present at birth. although the newbons 

animals appear not So be able So utHiu 1hns functioning visual system. 
Visual deprivation results m degeneration within the brain sehich 
On he LtemonsUaicd. hisialogk-ally. but i his- hi secondary, I hc lack 
of visual impressions docs run prevent the development of neural 
eon neetLons but leads to the degeneration of those present at birth 
IT. N. Wiese! and l>. H. Hubei I9*3a l96Jb I9t,5k Electric*! 
Tecordtngs from the antennas of male silk moths led l>. Sell is eider 
(l%2j w the conclusion that ihe specificity for Ihc sexual odor 
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of (lie female* is dependent upon ihe structure of the receptors. 

r here iifp j number ol inborn rtLCv'h^il i^zt*is tli.il proCCSi. -mil 
integrate sensory dalo The processing starts in the sensory receptor 
and we loomed (hut the integration of die data con occur at difi-rcni 
levels of line «n|ful nervous system. Or course not Lid of these d-atJi" 
integrating nieeh a nisms are releasing mechanisms. 

On the 'alii.ile we know much less about Ihe localization and 
nature of releasing mechanisms I ban about (lie w-ay ihey work. Tbi* 
Aid he eUsmliricd m Chapter 6 (j com prehensile discussion can he 
found in W. M. Sehleidl [l«2. IW4b|k 


Key stimuli and releasers 


Behavior may be activated by an internal drive hut is normally 
released by Specific siimolt from the environment. A hungry tojid 
(Brj/cj L-l moves Li Unit until it finds a worm or insect, fixates 
ihe prey, and shape n up, What utc Ihe cues that lelt the load whu 
prey is? 

Before we can discuss this question we have pi recall that each 
;i ni mal can pcrcc ivc only a limited portion of ihe iota I environment 
with its sens? organs, fts external environment or Unwell, according 
lo J. v. UexkUll, is jii-ide up nr (he particular ilimult (hat (he animal 
perceives. Whoever studies the reactions of animal* mwSt fw*i be 
acquainted mill its sensory-physiological capacities- because these 
differ from species to species. Sksme examples may illustrate 1 his: 
Bees can see unitraviolet light and distinguish polarized from nonpo¬ 
larized Light—capacities tb.u man does not possess. Bats can hear 
ultrasonic sounds which we cannot hear, bul they do not see very 
well But because they can establish for ihemsclves a copy (Abbildj 
of ill dr environment by means of the echoes from their own talk 
they are able to orient as effectively in flight as birds with good 
vision Nifc piie send out electrical impulses and react lo small dif- 
fereuet* in the potential of the surrounding electrical field. Bees 
accept sugar substitute* that are task less to us Pit vipers are very 
semi live lo infrared radiation and perceive icniperature differences 
of 0.0(!S‘C, Kcd-breastcd robins yEruhaeta ritbeotla) utilize the 
earth's magnetic field for navigation. 

The species dilfer qualitatively and quanlitalively Guinea pigs, 
being matfOSmatk animals, arc able to detect niLtoheozme in a 
I/tOOCl dilution of the emnimlen we can sense, Some perform¬ 
ances tux our comprehension, lists respond to odorous substances in 
diiuiiitni. of 9 ;2 *jf mil I km hfllion. This, according to H. Antrum 
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[194.1, I94H), iii equal 1o I ml of Mihsunct: diswtvgcl m .1 body of 
water 5-It times die volume «f Lake Constance 

More imp.tr 1 ,list than absolute thresholds art differential ibredi- 
olds. In minil®w$ tin; difference threshold for pitch of n nme ps half 
a note. Old World monkeys dimungii i di as many color nuances as 
we do, 1 he vriik'iil distance between two just-distinguishable lvIwts 
in the red region is 10 oijm nod i n the blue tee ion is approximate!) 
<i hi.il |W, F. Clrether L919 |l 

Finally, of utmost bkilogis.il significance is Lhe ability of an 
organism eo locate a stimulus source with respect to distance and 
direction Here lhe visual sense attains the greatest precision and 
liiigt by means of lhe highly developed camera eye of the verte¬ 
brates and the compound eyes of insects. However, bats also locale 
I heir pres with the echo of their ultrasonic cries. We shall discuss 
lhe capacities yf the sense organs and ihcir functioning in space irt 
more detail in Chapter 16. 

The luiH-ttuniAg and capacities of the sense organs is studied by 
sense physiologists. The method* may vary. I'he conditioning method 
has been most successful: A certain reaction, foi example, eating, 
becomes associated wjih a specific slim ulus, for example, a whistle 
When ibe ammal has formed an association between ibis Mimvlws 
and the feeding, one tries to determine, with the aid of appropriate 
controls, which sense mediated lhe relevant stimulus Fur example, 
jf one leads the wbiitle to the mouth nithcul blowing it and the 
animal does not react, this indicates that Lhe animal heard and 
reacted to the sound and has been condemned to it. In this way 
K s- Frisch fL923ji demonstrated hearing »n the dwarf shealfish 
The same author used the conditioned technique to demonstrate 
color sision in Lhe honeybee. C. s. Hess i 10 131 had placed bees into 
a darkened room with two d i Iferem-colored flsghls of differential 
brightness Bees approaelted the brighter of lhe lights regard lev. of 
whether it was red. or green. They oriented to brightness, and 
v. Hess concluded that bees are color blind K, v, Frisch (19141. 
who was unwilling to accept ih.it an insect which searches out Ikswcrs 
should be color blind. offered food it? bees on yellow paper whtch 
was placed between papers of various shades of gray. The bees did 
nor confute the yellow with a single -.hade of gray hence Lhey 
could sec color, This indicates Ihat the animals could behave differ^ 
enlly >n dill'ereni fwnclkuln.1 Systems. The investigations of N Tin¬ 
bergen and his collaborators ll'M.li give an additional, impressive 
illustration. Malt grayling butterflies (£'h»ktw fly randomly 

toward models of females of various colors us if they were color 
blind. tV hen approaching blossoms, however, they prefer certain 
colors over other* and distinguish Ihem from shades of gray of eqmd 
brightness. In I his functional system they do demonstrate colnr vision. 
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] he capacities of sense Groans tan he elegantly investigated 
d«lru|iti)viok^Killy by Che rotmrJ^n e; of at (ion potentials (El Au- 
Lryjn l 1 )?*; d- SchwnfLikopH l%2). The structure ,md funi.-ik>nirt£ of 
tense nfgaos -ire discussed in detail by H. Autrum t1952i. \V. t. 
Buddcnbroclt (19*521. «• Gmail (IMS).’I> Burfcbardt <I9W. I%1), 

1 > lii.-k (-i.islIi. W. Schltidi. and H. A liner i I'Jt.ti- I.. 1. and M. 
Milpe (IWs? |. and H. Heran (I $6*). 

Of all ihc sensory stimuli perceived by on animal, only relatively 
Test innately rek&sc resetturt' 1 n dogs only stimuli from food objects- 
■ i-ilLi:iI ly release foJivuiy (HKiioii. and an appropriately conditioned 
due will thtsv,- ih:s. reaetiori luier Lti a bell or IijIle stimulus (p. 251k 
We must therefore distinguish between the ^Kirflrfrf and the 
tffetih# stimuli (N. Tinbergen 1951 i The former are the subjects 
of sensory physholotyL Lhe latter are studied by etholfl^Sti. 

it has been thouTi nv numerous ihvestigtlii&fls that "uncondi¬ 
tioned' 1 siimob iind siimulus patterns exist to which irt juiiii.il will 
react with appropriate actions prior to any experience with them. 
It has been demonstraled that lhe sense oro-ans may serve quite 
different functional systems ['he curnhHOttt water beetle {Dytlsms 
mwgrmjliif reacts with prey-eatching behavior, not to a moving 
tadpole irt a glass vial, which it normally readily attacks.. but Co the 
odor of meat extract (Fig. 25). 

figurp 25. 1 1) Head Df ) OrfiitvS v»it*r bnte with 
c<jmplc^ voe-7: tbl ih? bee^ '*■«• 

*i»m#d bi Ms# m#si srabicl *™i rt ewtjhi wi * 
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Which spevillL stimuli nr stimulus COmfoifU Lions release .1 '.put|he 
reaclion is determined hy Lhg use of models. OWnilkni jIdal 1 umII 
vftdi tell Iliti ethologist somethin:; of tJueit nature. To relum to iIll- 
cxmnple of Che prey-catching md: Whenever a itiail spits ;t tncvinc 
in wet,. j| fixate* upon ii, moves hwr»d it. or even pursues, a -\e 
stKin .is the irtivvt remains mrtioHiEfSi, nothing ?m r*istr happens. I 1 k 
continues us stare :i11he -pot where the insect was last moving, 
and Will rarely snap at the motionless prey After some lluk,- iJk 
I swtl mcl-isk id loose interest. Thus n appear. if (he movement of 
j prey is a sima^ I'clea-mg stimulus for the pttv-cHk'hing respsmsc. 
Experiments with models suppcrl this, if we nunc objects sikIi a- 
stLHt& Of paper pieces with a siring. iJil- hxwJ will lis.ile und snap 
dt Iheru. It the object surpasses a certain -i/c it will release tsoipt 
or defensive behavior. Tftids, react Hus imy shortly after nictjucioi • 
phrftis. So the ckitatni 4 ViYifl/iti* Aft-tf£) visual stimuli and vibra¬ 
tions in the water will re Lease the prey ‘catdiiiiE, behavior, .aid will 
do this also in ihe iuejiperieaeed am:n.d, winch can he readily 
dcraonsl/Jltd Tadpoles .re plankton (ilierers that never snup at 
oh] eg is watli an oriented: move mem. If they are isolated shortly 
before uiL-iamorplioMS m clear water, sottiauhe’i have never snapped 
ill prey, and one then projects a light spot j^niibi the background 
of the CMftinCf. the clawed frog w*11 at once swim loward it. make 
ihi? specific funning mewemenb. witli the rurvlmihs. md -icap at it 
A small jet of water front .i pipette or slight mueh of the legs also 
releases turning toward the siimuios and the prey-catching move¬ 
ments. The animal snaps, ul the si ream, of water. 

This. behavior w||| normally lead a frog to its prey , because in 
general small moving objects m il\ fflivpfOrtflienfc are prey animals. 
Toads and ftwgs e.ni learn sujticlliiiig new very quickly. Ii a Imd 
has snapped at a leaf repeatedly without success it mil tcfraiit from 
doing sm in the future The same is true ii’ she eaughl a bad-lasting 
nr even it inking insect. For avoidance to lake place only sine had 
experience is necessary. Ihe ornate knowledge is limited to -iiapping 
at imall. moving objects- I hew ek.n ,k tc o'•■. -• -o11o. ctnft ideal My 
the natural prey objects Large objectx release e-cape behavior (I 
Eibl-Libesfddi lt>Jla. I%2aj. Similarly, uiiwlceinv u- the response 
of a dragonfly larva to small nroving ohjrelsi It snaps at -null 
objects and flees from larger ones |M ItnppcnheU |9h41. When 
deprived of food for some time, larger objects are taken limit before. 
Pike innate Iv snap at moving objects. Whilelivh [ Corcjp^uT ni/r/mtftmi) 
fixate and snap mciti at floating, newimoving panicles (E. Hmum 
19 ©* 

bitch releasing cues are called key stimuli In analogy 1o u key 
tliiii opens a htek. the Ley stimuli act upon u mcehani-m (ihe IMMi 
lhal normallt prevents the release of central impulses wheat it is hoc 
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appropriate and will only open the way to the museulalure when 
itic uppropfiAlC Ley siimuli a re received. Each functional tjitlc hunli 
own key stimuli, and the animal rebels to rormpoiidjnKly* diHereni 
key stimuli. For a herring gull to Toil an egg into il* nest at must be 
spoiled: when nobbing eggs I his characteristic is of no ipi|Hrwt 
(J, p. Krnijt 1958}. I he grayling butterfly reads n colors when 
visiting blotsuarTs; during courtship it acts is if color blind (N. Tin- 
hergen and orhtfi hM3j. 

Ley vi intuit exist tor almost all senses, 1'lw night moths of (he 
family Nuclutdae nod Crwmeifidae show g m.-ji pc neactHWiv of drop¬ 
ping, llyjng downward, or other evasive maneuvers when they hear 
the ultrasonic cries of bats or artificially produced ultrasonic stimuli 
(K 15, Koedef and E A- Treat 1061). Crickets and grasshoppers 
react to their own specific song in a predictable fashion (J Keeen 
1924; A. S Weih mi: A. Faber 195J; W Jacobs 3D53: A C 
Perdeck I95SJ. The males of the mosquito AMn wgvpri react selec¬ 
tively to the whirring sound of the females' wings 1L. M Roth 
194g;, H. R islet |95T, I9SS}. and many frogs respond to Che calls of 
their own species (C. VI. BogerL 19fi I). 

The female turkey rceogniites her chick only by its calls and will 
brood a stuffed polecat that is filled with a loudspeaker uttering the 
call of newborn turkeys, She will kill her own young if she is deal' 
, 1111,1 cannot hear their calI s |\V. W. Schleidt. M Schleidt. and M 
V|agg. IMnll.ird ducklings {Atuh plat i i'/rwicAoj} and wood ducks 
fyii* spousal each prefer the calls of their own mothers (G, Ootllieb 
]965a: see also p. 226h It mtE,ht be thal ducklings and Chides which 
were incubaled could hear their own calls while siilt in Ihe egg and 
would genera I i?e from (hem to iheir mol hers. If this were so. newly 
hatched chicks should prefer their own or culls from other checks 
over the somewhat dill'crenC calls of their mother. This, however, 
is no! ihe case, as O- Gmlieb (IvJftbi found in recent experiments 
The eh ieks always preferred the specific call of thdr mother, even il 
prior to halchine, they were exposed to addiiictnal e-alls of other 
chicks. In this case ihey will later follow iheir mother's call even 
belter wiih ;i shorter latency and .s higher proportion of followers, 
than ih».K chiclts which could only hear themselves in (he egc 3h< 
ability to recognize Ihe call note of their own spcsies is therefore 
acquired as a phylogenetic adaptation It is t|ui(c possible (hat the 
tannic relesriflg mtchauLim which underlies this capacity lo respond 
is I'acilitotod in its embryonic development by auditory slimuli A 
summary of investigations of acoustical key Slimuli and releavens ears 
be found in K, tj busncl 

Spiders react to slight vibrations of their ncl wilh pney-calching 
behavior. The ant lion throws sand at (he ant if NWt sand comes 
tumbling down inlo (he funnel thu( ii has ocmslructed. VV .ilcr boatmen 
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read to vibration* t>r ihe water surface. Disturbances in the sitr- 
soutvihnc l-ej release prey catching or search in marts fishes and 
clawed frogs lO Kfjniff IWJ), 

Special alarm substances warn ftsh swarms am) ihe tadpoles of 
the Load: they all escape when they detect subsuanccs see (tied bv an 
injured member of their species t k v Frisch 1941: I Eibl-EibesfeldL 
IMS; F. Sebuu l^h; W. Pfeiffer 19bJ}. Alarmed honeybees Secrete 
an odorous substance through their n idety e*f*wcd etosw sxhtdh 
excites Ihe olhers and makes Ihem aejTessive |K. v. Frisch I9(&3 |l 

Some gastropods of the tidal feme ewcape when Chew perceive 
substances which predatory starfish secrete from their feet, but [ties' 
do nor flee when a plant-eating starfish approaches £T- H flullocl, 
1933}, 

The male silt moth Is sen sensitive to the teontal odor of the 
females (J. Schwjnt, 193?k which was analyzed by A. ButenanJt 
(19331 and ft. Beck nation, |> Sturtim. and fc. Ilecker t195V), In nun. 
IcKs, there arc iCA-spcriik reactions. Men,, and women before sexual 
maturity and past Iheir menopause, can hardly detect Ihe odor of 
certain arousing substances derived front, musk glands, whereas young 
‘women can smell ihese substances, which are widely used tn per¬ 
fumes. especially about 2 week' jfler menstruation- Vlen can detect 
Ibis substance roMowmg estrogen injection (J. Le Mugnen E$S2). 
AddtltPiMd examples of communication via chemical substances can 
he found in E. O. Wilson (Iflftj. 1965 1 and G Cnill and ft- Hubert- 
son (3963: see also p. 438), Substances that are fftttnc in miraspe- 
ciAc communication, are called pher-amm Jrt 

Chemical siiniyti «fltn aid in the search for food. The moray eel 
hunts at rsigJt l with ihe aid of ils olfactory sense- The cvf tie fish is 
able to neutralize the olfactory sense of this predator by secret me 
ils '’ink" as part olits defensive reaction i L. Bardschand others 1939) 
Many parasites rind Iheir hosts, by means of olfaction, and Lhey 
sefccliiety react 1o the speeiric odor of Lhe host species (L> Daven¬ 
port 1953: G Osche \£. LmJ.iuer 1963:- Many marine poly 

duitio that livt tw shrimp and clarfhh react to the odorous sub- 
slances that are diffused m the wafer around the hast species, the 
Hihneumon l)v tFiwpfa irfOi'tw), which parasitises ihe larvae of 
ihe South Afftain night moLh \ Euprpti* MsmuWn), i-- attracted by Ihe 
luttefN odor. The ichneumon fly (Afnia nuinthtt tat), which para¬ 
sitizes lie larvae, approaches only ilic odor of fresh flesh. .Yojonni 
riiripenais* which only attacks pupae Of Hies, is on Is attracted by Ihe 
odor of dec-ayine flesh. The coddling niotli yCarpompsii ponfpirti/ai 
is only attracted by the odor of apples. Newly hatched carter snakes 
S Thtirtopnopfiri ipetifs ) react prior no all feeding experiences sclcctivdy 
U> extracts, of certain prey tG M, Burghafdt 1966). 

in sharks the odor of bloc'd releases search for prey- I hey arc 
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a hit- 10 kvate bait unb their olfkiory sense (I. Kihl-Ei.ihL'.lLJiJi ;ind 
H Hass 1959; sk also I-'ig. 26c Tor mosquitos. Iscdbugs, and mites, 
ihe key sliniul us ih-.il -attracts Ihem is the heat radiated from the 
warm-blooded animals which normally leads Ihem to food L. 3 
Millie :nid M_ \titrtc lldfeJh feptMted th:iL an electric clock which 

radiated heat attracted unites each, night. a*, did the chickens m whose 
house the clock was mounted. The clock, which did inn work for 
I his reason. began to run again when the mites- left in the morning. 
We shall (JiseuSs additional examples of visual key siimult. It cam he 
demonstrated that innate behavior is activated by key stimuln so 
there rmisl have evolved corresponding releasing mechanisms that 
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serve as stimulus liltcts. Such asi adaptation may he j unilateral 
on-?, wbcftici Only ihe recipient is adapted to a ^pralic rclev^n! 
fnvtronmtnial ?iiua[io[i. This, i^. true for the perceptual mevhjni-, 
of j predator, while its prey will nm develop special 'dgnak that 
would make it more recognizable; to the contrary i.lti; prey <?||C)p^ 
dianwterisiics thaL mate ii as hjfd i> for the predator to 

re cog n ice. 

If is quite ddfereni where the contact between cwo org^nismt at 
of Mtettkt advantage for both. as in the inierrclaiicmships 
m««. between the moilier srtd young. or in a symbiont reunion, 
ship. In (hoe instances receiver ditd seoder of a sicnul are mutually 
adapted 10 One another, A fish is not apt 10 evoke a signal for 
Its predator. but j female is apt u> evolve j disliiieuishirty char- 
acferistic for the male. These si finals may omtiil of special mor¬ 
phological stnurtures, odorous substances, calk or conspicuous 
movements or postures. Such highly d-i MerenLia Led. structures and 
behavior par terns which serve special signal functions have beers 
Sidled (social re leasers i by K Lorenz (19351. 

As man is especially attuned io ihe pertepliCui of visual signals, 
most of the investigations hate been concerned with visual key 
slimu|i nnd releasees, especially in hsh and birds. For signaling wc 
find bodily structures such as plumage patterns, cu-loe patches, and 
manes, as well as special behavior patterns which hate been tailed 
expressive snovcmcnls (p, I J. The la Her we shall discuss separately. 

Various method* of analysis arc available feu the investigation of 
releasing stimuli. 0, K. Noble and H. Curtis i 1939) offered jewe j fish 
females a choice between males e% habiting courtship cnhifaiievn and 
others with inconspicuous coEoratioat, by presenting one each cm 
etther side of an aquarium containing the female. The females 
always spawned On the wde of ihe conspicuously colored males, If. 
however, a colorful male was blinded with eye cups, which resulted 
in lack of movements. Lhe female spawned nest to the colorless hul 
aesive male. 

Releasing stimuli can also be studied by making chances on Ihe 
king animal The schooling lids Friilrita ri<kHri h;o 4 conspicuous 
dorsal fin with a blade mark- A gft>tap of such fish with an umpuljted 
dorsal I'm are less .attractive to an isolated lish than a group of ioiaCl 
lists, so one mas assume ihai ihe black dorsal fin is -i visual fotlow- 
inc signal |M. H. Keenleyside 1955: see also 1'tg. 27) (i Noble 


Figure 2J. Th« 1«h, A<srut* ftMitr iWr<h 
fSewj iha 3 j-i iaa: ci r-tr 33 r *i' hn v N mt .^5 
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(I9i4l ifi vcsti LcJ. the Slimuti lhi.il released Mghung in Lhe Ik-ard 
Seelopana mthrtenti Only Lhe mjlo of Lhis spick* posset a blue 
drupe u( the border or the belly ami a blue patch on Lhe throat. 
When Noble painted such stripes on a female it was attacked. On 
the other hand, males courted males when he had painted over 1 heix 
markings. If one paints, the black bills- of juvenile zebra finches 
i TatniapfgiG antumatisi red so that (hey arc like those of the adult*, 
they are not fed by the adults despite their intense begging behavior 
(K- Immelmann 1959?. 

Employing Skinner’s. instrumental conditioning method. G. P. 
Sac-kelt demonstrated innate recognition of threat expressions 

an rhesus monkeys, Four male and fuur fctiiaSe monkeys were raised 
an isolation front eon specifics front birih until Si months Controlled 
visual experience consisted of slides projected against the cage svall 
which showed monkeys and neiural objects (sunset, landscape with 
trees, geometric figures, and so ojik After each presentation Lhe 
monkeys could self-project the slide they had just seen by pressing 
a lever. They could do this repeatedly during a j-minute period 
and in each projection lhe picture was visible for 15 Seconds. The 
monkcys room learned the method of self-projecting. and they viewed 
lhe pictures they preferred more often than oiIkb. it was found 
that they preferred pictures of eon specifies., especially the picture of a 
young monkey and that of a threatening adult. These Lwo pictures 
released also the most frequent social responses (vocalization, invita¬ 
tion to play, climbing about, and visual and manipulatory exploration 
of the pictures). At 2' ■ months of age the young monkeys sud¬ 
denly tended with feat to Lhe picture of the threatening adult. They 
withdrew before the picture,crouched.clasped themselves, and showed 
tearful facial expressions. At Lhe same time lever presses for this 
picture were markedly reduced (Fig. 2St- Nm until 2 months later 
was an increase noted for this picture. lhe animats recognized ihe 
threatening expression at 2’., month*. although they had never seen 
a t unspecific or shetr own mirror image- There must exist then 
an innate releasing mKhamsin ibai mature-- in the absence of social 
experience H-’ihLiuaiion may account for Lhe increasing interest at 
a later time. 

For the experimental analysis of the releasing stimuli the weh- 
nique of adding component to a model is frequently used- One Lr.ies 
to release the behavior in question by the sunpksL of all possible 
stimuh in inexperienced atiiiti:iIs. Prior observation aids in making 
ihe initial selection. In this way D. Lack (I943;i reka*ed the most 
intense lighting behavior in ihe redhreasi if.riitnstui rufu-iuhi) by 
presenting a timidly of red breast leal hers in the territory of the 
m:i!.■ A slutted juvenile without red feathers was ignored (Fig. 201- 
Fltbs allows Ihe roneluxiom that the behavior of territorial defense 
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li released in list rc-dbrciS’'i by the red brcai! fcjllscrv. Similar mulls 
were uhi,iiiw<J by V. A. Ftipafien 1 l96uHn ihc blu-elbfwii, where ih« 
blue hreuii fwihers are she rdeawr 

\ male load -approachM:* ail mos inu. obfee*'durine Ihc breeding 
%^;is4>rs and cries. elasp shtm. The malt relta-*.’* its ji rip- CMih if 
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the clupod object gives ihe defensive rail -of another male. Females 
remain silem and continue i* tv- clasped. js ,ire raipv the human 
hand, and vi on (Fig. iui. The inruLe releasing mechanism is quite 
unselectrve in this raw. but suffices, because during the breeding 
season only loads of Hiiv species are cnconnlered in ponds (see also 
p. im 

In com par me the eNcLiivctteii of■various models ihc> are iiiwalb 
pre^enlcd consecutively, Only a feu’ sxpnimrnls are passible with 
one itldbidnal because learning is quite- rapid. This shortcoming of 
ihe method of successive presentation of siiinuli ran be overcome 
by presenting Iwo dilferenL models simultaneous!) to the animal. 
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D. FrandL (tf^) iavffljfaied ite pecking reuclkm of ihe Mi ■.-i 
the common gull to beak models. where Hu; compared (he methods 
of simwluineous versus- successive presentation. Both stew-cd iignjc- 
(titm: however, by simuliuAeouv compjrism Franck was able to 
measure diifercnti.il preference*. Lh;it u-snitij nn kmjer he delected 
wilTt the melted of soccessive ptesenliatKiri. 

An exemplary unalysis of innate releasing mechanisms «e owe 
io E Kuenwr undF P Kurn^i [19621 The following rea.cin.in of the 
young of eiehliJs which spawn on the substratum is flfle&xd by 
ihe movemenl and colortiEton of the mother. Form and si/v have no 
effect. The Itey Mimuli for (he following reactions arc species specific 
jiuS correspond to Ihe reproduriive colors of slit females. Young of 
Apmogranwut rriizi&i approach yellow models, while ihe young of 
A. berrtti approach models thal are painied fttotraslingly with black 
jnd yellow, in a similar manner, in .VamuoaTO dmsjfia/u die selec¬ 
tivity with which lltc young react Co varum models with the folkfiriftg 
reaction tils cxnCily die behavior and appearance of die parents. 
The young in these experiments were without experience, so the 
.idaplalion of ihe innate releasing mechanism and releasur must have 
origin.iifd dining phylogenesis (P. Kuenzer 196Si 

Lei ihe stickleback Ihe red belly releases fighting; a pi amp wav 
model wiih a red underside, bol lacking afiorher fish ehameienstk-s. 
is attached at WK*. while models resembling a iikilebacL but lacking 
the red markings do not release lighiing (Fig ilj. 1L ts important, 
however, ihui ihe underside is red; if the model is lumcd upside- 
down. k looses its Itohl-relcasinc qualities. The cues telxase fighting 
on Is w-fien they ore- prewn ted in a pari ic alar relation io others, in 
ihis case 'Ted below'’ (N. TrnbcTgen I| 

A male stickleback rccogrurcs the female by her swollen abdomen, 
which she ate prevents in a definite manner. One can inubile Ihe 
swollen abdomen and ihe posture wiih a simple dummy and elicii 
mating behavior. Even animals i.nsed in absolute isolation wart 
correctly to (he signals of ihe same or opposite vex of theit own 
species. Mo differences can be observed between the lalier and ani¬ 
mals that grew up normally (E. Cullen I960i 

A relationship teiweem iwo cliaiaclrrisiio (cues) eonslimtes u 
i-tmpptraiioriut iilitmtus. Til is kind of siiimilus ate releases ihe 
food-beggme response of ihe herring gull for example, a red doi 
at Ihe lip of Ihe hill (N. Tinbergen and A. C Perdcvt let'll. The 
blackbird i'Furfiui mfenia) gapes toward ihe simple model Hi an 
aduh where head and body are tepfcsenied by Iwo bhwk JiAs of 
dliferent sire The ‘.mailer of iwo uird hoard disks is gaped at as ii 
it were ihe head uf ihe adult; here tbv kvy siiimdus is the sice of 
ihe head in proporlion b> Ihe tedy- If two-headed models .ire olfered, 
Ihe birds will prefer one of them and orient to a certain dw of the 
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head rise (we fuGfUrei of i.hc models show in saete t-ist heads of 
the s.Linv si/c only Uil bodnrs aft: of diffcrenl si el 1 , la i'leure 32 j 
ihe ■rn-ille.r head is responded to: in b. Ihe larger k gaped il flic 
animals respond It? a certain si^e lelackmshsp between head gud 
iMud^ which is Lhe lity stimulus As in gestalt perception, rdilkxis 
between stimuli are attended to and (bis seems to be true for per¬ 
ception in general: Ef a bird as trained to (lie lighter of lwu gray 
stimuli. bo( then- one exchanges Lhe darker of the two with one still, 
lighter iIliil [lie stimulus w hich was positive before. Lhe bird will 
prefer this new. lishier stimulus. This is also Inte of key stimuli. In 
(he nioulhbreedine eiehlid Jlaptacitromis muhieetor t the young disap¬ 
pear in the mouth omiy of ihe mol her when danger approaches 
They also try 10 enter a sample model of a he mother's head and 
orient to Lhe position of the eves and .I point between these:. If the 
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rye spots ,ire porhioned in- j tion/orUiiE plant;, the model is mote 
elT«Uve ihim when one <>< is above aw) one Ih'Iuw (H- Peters 
1937}. In Tihipiit mfflswmfcfM the young gather predominancy near 
(he underside of dkk**h;ipcd model*. 'They »!*«> approach dark spot* 
,in J |r\ (t> dig inia any depression ] his response would nornulle 
lead! ihem into (he mow l h of the mother (G. P. fraerends 1957; 
kc also Fig- 33). 
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In response ie> a srlhnueile of n nuclei pulled acrot* ihc vty, 
(tirkevs. geese, and duets slw» \pes-ilit escape reactions. K. town/. 
[1939) found ihat in gwse and ducts the inn pm Lam cue is the 
“relative speed " of <he mm mg silhouette (expressed in diameter* per 
lime unit) and ihat Lhe form of Lhc ohj.eei is wiihtWi relevance. 
However, in his experiments wiilt curteys Ik found dial .i hawk- 
shaped model was more effeeiive ihan !hai of j goose- ' model. 
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shaped like a cross with iwo arms of even lengih. wiih a Song posl 
and .1 short head end., frightened die lurfceys when it was pulled so 
I hat i he shunt end pcunlcd forward: the same model, pulled m the 
opposite direction k> that die long pOtt pointed forward like an 
outstretched neck of a goose, pre-ved father indfettivc. Lorenz eon■ 
eluded Ihal lhe , 'shorl-ncek ness" of the escape-releasing model was 
an innate characteristic, N, Tinbergen (I94& 19511 generalized ihis 
opinion lo “gjdhnaeeoiu. birds, duyks. and gevM’'" W. M. Schlcidt 
(IWla. 1961b). in an a Item pi to repeal the original experiments 
with turkeys, found 111 at the relative speed is also of importance in 
Ibis specie-. Heywevfrr, his turkeys, vines peneneed with lining objects 
up to tbrit point. responded equally Well to shape-, w ith hint or 'hurt 
iteCki and lo ulhOUetteS Ot hisds of pies as Well as tu simple disks. 
Presemsng such models At different frequencies (far example, the 
“fongneek''' 10 limes as frequeni as Lhe “short neck 'k, the model 
shown more often soon decreased in effectiveness, but the rare ones 
lost litde of their frightening effect. Lorenz in his pilot smdv had 
used forkeys that were frequenily exposed lo ducks and geese Ilyina 
overhead. Mi we cun expect i h-.s a they were ,i I ready habituated to 
long-necked flying objects before Lhe etipcrimeritis were started, and 
IherefoTC only the short-necked models appeared sufficiently Jitfcrem 
10 elicit escape. D, Mueller's (ILkMj investigations of the escape- 
releasing stimuli in unexperienced eapeiVidlles also failed lo diovv 
differences in response 10 various shapes and provide evidence foe 
an optimal effective range of "relative speed." Recent experiments 
by Schleidt indicate that curlteys. exposed to a variety of shapes of 
equal sire but all shown at the same frequency, hahiluate more to 
some than lo others, Thts would indicate some "uufrarnedprefer¬ 
ence for Certain shapes over Others; however, ihcre is no deaf 
correspondence to the eon ton r of a hird of prey. 

The male lightning: bug {Lampytis itivtilm'ij) reacts speeiJie-.ilK 
lo the configuration of Lhe speeics-spedlk stimulus paLtcnt of the 
female’s light organ, which consists of two parallel bars, one behind 
Lhe other, and two dots. Steocib of this paiiefn illtirionated with a 
ll.ohlichl from behind elicit approach by eIlc males in preference 
Over others. The males of rhinitis tplrrufiifuiu pouc* a less selective 
innate releasing ineehatniseu in Lhai they always uppmoeH models of 
larger area fup to four timeseven when ii show?, greal departures 
from ihe species-specific pattern tF r . Schaffer and U Sdiwalb 1961: 
tee- also Tig. ^14). 

The same behavior is often elicited by several key stimuli The-c 
stimuli, which can also he presented separately become additive in 
their cHir'Ctivencsv tf they arc combined, We already imfifllioned <M 
the Ted ImlEv 111 .1 .liL-f Ichavk is u itfOrig lu'hl rvl.-.jMiig Stimulus. 
If we new* ohserve sticklebacks ihrculening one- another, we will 
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noiicc (Ikii ilif m ;iU jMiimc .i head-down position before fitch 
other. If we imiiiie this Ihrcii posture with models they release 
fiehLine—even those ih.it .ire phcnl horitoniallv will nor release 
lighting at nil. The bead-down position. n behaviord lul. is therefore 
atso :l light-releasing stimulus. If j stbcIcEebacfc is presented with a 
red-bellied model, which already releases fighting m ilie horizontal 
position, then, if shown head down it wilt release nun. h more inten¬ 
sive lighting behavior (N bnhergen 1951t This Am vf hettrogentoits 
iutmaaHmi wav furst seen and described by \. Sell/ (ISMO). 

The males ofthcdehlid .-I tumaiiaptu sirigigmu* jil blue with black 
mark-, on Ihe dorsal and venir.il lias. These characteristics are dts- 
plaved do rant threat ;s:id constitute at eht same lime the lowest 
intensity of lielitint behavior. The displaying fish shows hi* lateral 
side with erected fins to (he Opponent. What happens next depends 
on the behavior of ihe other. II the other responds likewise and 
shows reproductive coloration, Ihcn the opponents will sund parallel 
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to one another and spread Ik skin [haI covers siic beanrhiMtegal 
rays. Thl* leads (0 the second SUljK c»f llie hostile cmounlcr. The 
males l'. change cj.iI heats. They stand parallel to each other fating 
in opposite directions and hit the opponent in its face. This is 
followed by tlielhird stage. 4 he actual light in which the males open 
tltcir anoutlis and tam the oLhct Si.sSi wherever they can reach him. 
The other ikii will always try to escape and attempts in turn to 
ram the olher lish himself, so a circling ("merry-go-round'") results. 

S*kz fWnd lhat the bloc coloration. I he black marks at the Jins, 
a*, well us the behavior patterns of lateral position, spreading fins. 
£—1 beat*. and ramming thru-Is, each alufle released threat behavior 
of varied intensify, The Stimulus components are exchangeable up 
to a certain degree. The tail beming by A model without reproductive 
coloration is as effective as a model dial shows only spreading Of 
fins and the re prod u dive coloration. If all ihese characteristics are 
combined One wj|l obtain a stronger response. 

U Weidmann (ISS9) investigated the stimulus summation phe¬ 
nomenon quantitatively. He released the peek reaction in young 
black-headed gulls by sample cardboard models and counted the 
number of pocks directed at them, In this way he found that a gray, 
round cardboard disk, for example, receded i number of pecks as 
opposed lay' number of peeks lor a square model, [f he painted 
boLh models red, 1 ' the numher of peeks increased by the same 
amount x for each model. The eJTeets of various releasing stimuli 
can be additive, but they* dev nol add up in such a simple manner 
■a all cases, as was shown by I: Coiio f I9bl. l9bJ). 

A hehaviot is not only dependent upon the strength of the re¬ 
leasing stimuli, but. as we have said write*, a 1*0 upon she internal 
readiness to respond. This has to be considered in experiments with 
models When the readiness lev respond is high, even a weak stimulus 
cun release the complete behavior with full intensity, da the ether 
hand, an animal with low motivation may' show strong reactions 
only when the releasing situation is (specially effective. The inter¬ 
act iort of inKrnal and external factors has been studied by G. P. 
Baerends, ft. Brower. and II. tViierb^lk (|9$5). First. They deter¬ 
mined bo*' the various conspicuous markings of male guppies are 
correlated with lheir specific sexual motivation. This gave them good 
indicators of the inner readiness to respond with sexual behavior, 
t hey were able to present releasing stimuli of vary ing degrees of 
se.Stial mut iVutmri and found !lt;iL both factor > compensate Line an- 
olher in a lawful relationship [Fig. JS). 

In order to assess ihe effectiveness of a model one has to know 
whether or nut the Animal is ready to react at all fhis is done by 
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ifiing I he minul v.ii hi (he ntorrnal releasing object Mlduin; the 
csperimenl wiifo models—but not before, because [tie behavior may 
asa-iKr in intensity. This is [b< method of double quafitifkaiwn 
fcspenimenls with models are made more difficult by u phe¬ 
nomenon called afjrrcut ihrvfitmg, {M Scbksdt IV^4> If a behuviar 
is rcpeaLfdty released bv ihc Same ‘■innulus, ihc „rmuj reacts less 
and less unut there is no lorcer a response. Tim d*OTca*r: in re* 
iphiskiKH does not base t<> be due IP j eermat fatigue of chc 
motor mechanisms, The gaping reaction of 5- lo 7-day-old chaf- 
finches can he released by vibrations nf [be nest. imitated Lilb ol 
the parenlSv and \ i%ua! stimuli. El the gaping reaction b;i> been 
released by erne kind of stimulus, the young Stop responding after 
10 to □ elicitations. Hdwcver, they gope with lull inlensily il 
short]}' afterward one pr-eseitis a new releasing slim ulus If ihc stimuli 
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-artr ecchungc'd In ihis manner one release gapiog Jfi such a bird 
up to 4* iim«. II. F. R. Pnclii! <]55>n> spoke of" an adaptation of 
.ilk-rent mechanisms which muhi br beyond ike symre.an be¬ 
cause iL was demonstrated ■ h -13 the sense aegan continued retre-pond 
10 stimulation: following repeated, visually released gaping. Lhe 
birds Lhen pressed down into the nett in retpooie 10 ihe same 
stimulus. demonstrating llul they Mill perceived it. 

In the lurkcy the gobbling call can be released by sound stimub 
of a certain frequency. \V hen at last the animal no longer responds, 
it still is ready to respond fully if stimulated with a new frequency. 

It is more remarkable that an ilka al Mimulu’ situations can be 
mu up which surpiutt naturally releasing objects in ih«ir eflicelkeness 
This was discovered by O. Koehler and A. Zagarus (193?). The 
ringed plover, for example, prefers to- roll white eggs with black 
spol-s into bU TtO'l in preference over bis own. which have darh- 
brtswn spots. fcv-cn mure siugm-iag •* ili pretcreiNe for large eggs. 
A large egg four lirres the :>i<:e of its own >s preferred, although- 
(he bird is unable n> ml ;eivcI intubak- n pmperts- {fig.. Male 
grayling butlerflies lEum&nfs sentele L.j approach Hack ryfbld-s more 
frequently than those with natural colors (N. Tinbergen and nr hers 
19^3). Male butterflies i^r^ynnis papfmi L. r prefer models that base 
the species-typical brown coloration, hilt the illumination. we- of the 
colored area, and number of stimulus changes per unit of time van 
be exaggerated A h-oneonl.il. rotating cylinder with brown hori¬ 
zontal bars w&i preferred by males over an actual female The 
highest number of approach llights was obtained when ihe cylinder 
rotated so quickly lhat the males could just barely perceive the 
change between brown and dark -.napes |D. Magnus 1954, IflSfl) 
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i-irells males tljimpirfs tioailncai always prefer the pattern of 
light of iheir own species, but they prefer, as reported earlier, a 
model with a larger illuminated area They also prefer a model 
that contains a larger amount of yellow- than is contained in Lhe 
lighi produced by their own females f F. Schuller and 11. Sch-walb 

196 a. 

Thtv responsiveness to "supernormal" releaser* is exploded by 
whsk parasites, O Heinrollt referred to the Funipcjin cue too as 
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I hit wtiurgc Of sunghinjs twciiBse the gaping euuih ui the young 
cuckoo releases m the fester pjirouii stronger reactions Ilian do 
IhetT young. 

This exaggeration of the releasing stimuli also shows that live 
evolution of the feline reteaxers is not necessarily completed. Ehss 
may he due |t> cotnEHeiaectni StlwiiOii pres-urcs. A signal should be 
as conspicuous and unique as possible: that is, it should wn be 
confused with och?[- 5 and thus lead to ecror- Thus from the receiver 
rentes a selection pressure in the difWtiQp of eunspucuousncwi and 
uniqueness with a corresponding luck: of eonfustop for the sendee of 
ihe signal. Bui whatever ts conspicuous is also more readily seer by 
ji predator: bfiJKe a selection pressure m the oppose di reckon VmsIs 
The result frequently is a compromise. Many bony fishes, fot ex¬ 
am plc T carry their releasers on fins shat ear be folded. During 
courtship they spread these tins and wave them in a manner which 
exposes th«ir signals. Other Ash can quicklv change their colors. 
The unicorn ftsh Nasa taptinosoma Bleeter. which lives above cornI 
reefs in Ihe ofwn waler. normally has an inconspicuous, darkish 
coloration, However, when a mate courts a female he develops 
within seconds a light.hluC xudJlelike spill on ils bad ■-ianii;ir 
vertical stripes on ilie sides, blue lips, eutd a blue caudal !in t Fig. 
37 h As quickly as Ihese brilliant colors appear. Ihe former darkish 
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OLikir> reappear when the fish censes M cowl t I Eibl-liibcsl'c.ldL 
|$62|, Marty cidlSids, which H!';hi.lLI‘, pi'RiivSS fclfipts tliaL fiifiitHUlrige 
iliu outlines alf i In: if bodies, arc also capable of these sudden 
physiological color dh*nges llgiing fights and courtship they acquire 
vfi)' conspicuous patterns a red color*, They are even ctpuMe of 
displaying scleral such colorful drevve* and arc iKiu* iiWe Id present 
several signals (Fig. 3® and Flute I) 

I kid; these various cok>fflUOP£ and patterns ape proper!v under¬ 
stood by other Msh wjs shown bv H. Albrecht fl966h in thtpioekra- 
mh wfMgetii, which, when of a disposition to escape show* Hon* 
rimEat si rapes, arid vertical stripes in an aggressive mood, A mother 
with young does not allack her young when they have boriioti La I 
slripes bul will do so when one establishes a territory and shows 
vertical stripes. She also attacks models with vtrEfcul hui not with 
horizontal -Stripes, 

In the li;ii iiori.it ii-.Ji iir' the coral reel', which in their adult 
state are rarely captured by predators, releasers were developed fre- 
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l| ueritiy wiihout apparent compromise. Marty CCMl ilsh exhibit 
their optical signals contiauop*!*. I hey appear to- be mowing nd- 
verlising sign*-, In oilier watidt, (hey arc quite eon spieuMii, and ihey 
share with punsters the r'iH that they arc run readily confcSnJ with 
OLhers despite their sitnplitily (llate lit- The patterns p^sess a 
high decree of improbability: Shat is. ii vsimild be highly unlifcdj 
ih.u another ri>h would dotve the same pattern, gnlcv* Li were a 
mimic Ip. 1513. Fish primarily light with conspetdbCi oa. if lines 
have no opportuniiv so do so. specie* similar In ippearamce i LJ 
Zympe 1965; K. Loren? L%2: see also Flu. 39). If ,i minor t* 
placed on a coral reef many i’Hli will fight I heir mirror image 
4 FJs. 40(. The gaping mOMths of mans altricial birds. present con¬ 
spicuous visual signals. The young of she cave-nesting gcwklLin 
(inch developed lighi-jellecting papillae (Plate lit Many grass 
finches recognize lheir yming by their ipcctc^pwilir gripe mart- 
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mgs In ihe mouth The whydah birds. which parasitize these species 
by liiytnj eggs imc■-> ilho nesu of the gfa» tetk?. imitate (hew gnpc 
uwirfsiiigs exactly Ip. I54>- Finally, there is Lhe sample of a con¬ 
fusing signal Hut has the function of detracting predators, in the 
iropkul m:;iv there exki several Specks of Mber-tocHfrcd btenmes 
iRumln, Aspldo/itus. and so on) 'which specialize in bilins off pieces 
of shin and fins from the fishes for tlioir food (I- EibKEihesfcldt 
I^SSti. 1959). They attach the eyes preferentially, and in many coral 
fish these arc camouflaged, by a dark eyeband. In addition, sonic 
species developed an eyes pot elsewhere on their bodies, and these 
.re reported to di'ert attacks nway from the eyes ('V. Wkkkr 
KWIh. See aku Fig. 4 11 
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T- C SehncBrJa (l%$J advanced I he kVfh.il hi'.vis t!i.il all rt .iL- 
liujii can be explained bt a simple principle of approach and wlth- 
dtjuil, Wcali -Umuli Or Stimuli decreasing in intensity would activate 
,i system thiii friuh.x in approach, whereas sirong -Umuli or stimuli 
increasing in intensity result an withdrawal. This is sometime* n-ue. 
Willi incre.fl.Kirg rollup Stimulation E v, Hofei and U. v. SainE- 
Paul 11960) observed it change from jttwk to eteape in Iheu brain- 
si imal.i ted ebicfcecis. It is also Ssnawo that roach approach '■mall 
worms with prcy-culchirtg Kipaiuti bui litre: from larger twies. which 
could tsc explained by Scbneirlj’s hypothesis. Bui on the basis 
of the observed facts we ca fiihiE accepl his view ihat there are 
no a prion ttilTcrniLiiil reaction?. lo tlfetlive key stimuli but only 
the principle of approach and withdrawal responses. Thu fad thru 
a grasshopper responds lo Ihe song of its own species but nol to 
another specks sons;, that a chick within the egg, before it could 
hear or follow a hen’s call, responds to a call of a hen instead of 
the call of a duck, whereas ducklings reipund the opposite way. 
that firefly males prefer site signal pattern of their females, this 
can only be explained by assuming, the existence of sped lac releas¬ 
ing mechanisms. 

.After all we have said ii has become obvious that ihe animal 
dews not possess a "piclure” of the con specific or of nonspraes 
members. 1 he eonspeciile seems 10 he an object that emits various 
releasing siiniuli for various responses. However, there are instances 
where Ihe conspccifir has few spccies-specilic markings, and in ibis 
ease ihe p.irtnn learns to ripcognire the other individually. K. 
Loren* fltJS) showed this in mallard ducks. whrch display a well* 
developed sexual dimorphism, The male- arc eortspicvoosly colored 
(for example,, head gr«i> with a while neckband |L ihe females, on 
the other hand, arc cryptically marked. Lorenz raised one male 
and one female with pintail ducks, in (he absence of any contact 
with conspeciftcs until sexual maturity. At this U« ihe female 
mallard did ntrt react at all to the conning pmuil nudes with wlnelt 
she had her a raised, bur she responded at once to the courting be¬ 
havior of a male mallard which she saw for the firs! time Ihrough 
u Crack in Lhe wall of her cage. The mate mallard indiscriminately 
courted the male and female pin tail- with which it had been jaised 
Mure recent investigations by F\ Schulz fl%3. 1%5> support the view 
rti.it male mallard duck- cannot distinguish cor sped (k females from 
Lhcbc of other specks. They courted all duck-, with the exceptnm 
of male mallards, which they also recognize innately. Mate mal¬ 
lards raised wiih other species congregate in groups for communal 
courting with their own kind, 

A. Sviu i 19411 1 tried in V;un Eli release the Courtship behavior of 
the cicWid Auaimifqpia. The sonic animals that responded with 
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Uft MhaviOA AS A RL&PON&C T£> a STIMULUS 

Lv’ipiiljiion take* place jnd the paii (inally breaks up. Thus (hi- lS t¬ 
ring coloration is a signal for bolh males and females. 

Only in the KUinlien s gull dues (lit coloration of Che ins vary 
considerably. Where ihis sps-eies overlaps in its Jistfihtfcion with 
l>i her sf or its [hare is levs varialion. At ilte south eoasi of tfciMin 
Island, where Kumlien's gull oreur* logclhcr with the light-cved her¬ 
ring gull, dark-eyed Kumlaen’s gulls are preponderant. In areas where 
i li is sjH'i,iu> is -v nipulnc with ihe dark-eyed Lome thotvrf. twighl- 
yyed K urn lien's gull prevail. 

Associative mating Lakes place only where this gull lives with 
other gull species^ Liehl-eyed females pick light-eyed males and 
i M wyc c I females pick dSfk’uyed males. The .ivsiiriatise inaiing 
system may he maintained by a fixation of the chicks on the iris 
lypo of Hr err parents The evolution of distinguishing signals of 
these gill I specie K evidently ■■Till in progress 




6 RELEASERS (EXPRESSIVE 
MOVEMENTS AND OTHER 
SOCIAL SIGNALS) 


Origin of expressive movements 
and other re leasers 


A court ins birJ behaves coiuspicTKntsly li spreads ns leathers, 
assumes, certain pollutes, sings. and frequently offers the female 
food and other jifb. ■One doa. e reels another, waging no i,iil, or 
strawT* and tares- its leeih at a stfincer, A thf en teiting cat humps 
its back and hisves fern pusr^ when in a I'ficndEs mood. 

Behavior patterns of this kind have a communicative funClwfl. 
Their effectiveness is often enhanced by conspkwwx. morphological 
tl nurtures IfcathrSTs. nunc* I, ( he behavior patterns that have h<» 
•come dillefcmiaitd. into signals arc called e.rpiriirrr tnviiwvrj 
They evolved in the scrvtee of coord iru I ins social behavior and Ate 
therefore nelej>er'- hike the morphyk-’gkal 'iruetutL-j that evolved is 
signals, 

Certainly one animal con undersUmd iHirty behavior patients 
of another, If someone shiver*,, lie commuokates somrthine it is 
hett el> distinguish such undifferentiated etptfwivt behavior from 
differentiated evpru'nttie movement*. ihat bate become signals, 
although the former may h*\vmitr transformed tnio esprestitf 
movertJeflis. Expressive movements may be innate or learned. I hey 
may be -quite simple movement* o-t posture* Frequently several 
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expKiCMOnv lire on lmlc jmiiliiir. v,JiK'h leads tu ;i 

hi til tipliei i v and seeming variability af ti^rc^ivt behavior; never- 
iltrJL---. they car he traced had; (a a few invariable* (Used action 
piiLtcrniJ, 

This Inis misled some investigators R. Schentd (194?) writes 
that i he tkhnsi Of expressions a ad the variability of (lie facial 
ev previous iik the wolf argue-. against Lhe validity of the concept of 
lived action patterns m mammals, in a reply Lo this statement k. 
Lorenz. < 19521 showed that in lhe dog> facial expressions the ntm- 
hinilMon ttf the intention movement* lO lice '.ulh those pf fighting 
U’.tji to a great variety of expressions. The intention to flee is char¬ 
acterized by pulling hack Lhe corners of the mouth. retracting the 
upper lip, and wrinkling lhe muzzle and forehead, Both kinds of 
expressions can be Mipcfpored in varying degrees- Fighting and 

(Icdni: -ire Olrcn activated siifiuhatfconsh, SO uatc Il-ually ice* a 
com hinaticut of the two expressions, rarely a pure expression of one 
or ihe other |k I.ptc-oz I'Ji.t; spe also f-'ig. 42 }. f‘. Levhausen ( 1956 b) 
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I esHificnted ilm in i be Fiwml expressions of ihe cat, Depending on 
Ihc relative xuciigth oi eIi«.- Mniuli.nniLMjili, activated drive L-o attach 
ijf bo Hee. the bluikdKfjded gull sho»>. various display postuoss 
(Hfl. 43j. 'sftieh can he- iniorpreied a* supcrposisiuns w cftrnbinalions 
of various mlenlism movements EM- Moynihan wSSit 

Species nwraMti uinjersiand such combine icmfc and some mani- 
tuals contfminkMte complc* messages through the «wn.tnnaMCni of 
varum t expressive movements. Pregnant poles a Is threaten Ihe male 
hv defensive foiling. hut simultaneously puvil's Film In, uttering a 
ljII ihji iruJitales readiness fur contact i MucleruH I- Eibl-EiheifeJdt 
1956c |. In Indian macaques M. It. Chance (I'siiiJl observed how 
females aroused the iiuenesi nf the malts hj thm lening Hhcm. but 































a-t released 

.ii the same time neu I mitred the released ■aggression by also show¬ 
ing submissive behavior at ihe sim-e time The night monkey l ln<f.T| 
produce* complex rticiinjeo by arranging stereoiyped dements into 
i sequence [M. Moynihan l!^). 

When tw'i Hamudryus baboon 1 * figlu, one often llecs H> a higher- 
ranking animal He appear ihe by eflfis.pqcw'msly presenting 
10 him at ihe^iane lime threatening his opponent, thus difeciiFig ihe 
. iggrinsion Lhe high-ranking individual: against hit- opponent (*'pm- 
iccted threat" II kummer I95T]. 

I lie richness of expressive movements is e|Uii< different from 
species to species even in closely related ones. The wolf possesses a 
much more varied expressive repertoire lh.in ihe lux (G, Tembruck 
IftSTh This is eiifrelated wi-th che fact that wolves hum in packs untt 
need ht communicate more while coordinating Lhis aeliviEy while ihe 
Fox is a solitary him lei 

By comparing the behavior of related specie' ii has been possible 
in loittc jnsuutees to reconstruct the phylogenetic history of various 
expressive movements, ttpressive movement arc often derived 
from other behavior patterns when these itcd'Hit pan ied a Letuiia 
stale of aruei^al or activity uf Lhe pa filter tircqik-iLLLs enough so that 
they can serve ns cues to others. Social grooming behavior, for 
example. Is always an expression of readiness for social contact and 
peaceful intentions. A dog in a friendly mood greets by licking and 
nibbling the same way as does a tame badger el fcibl-Libcsfeldt 
Initial and many Other mammals. The Companion dues indeed 
understand the ‘"1‘ficndlv' inclining of liiis gesture, which is ilsfl 
shown by the mother in earing for the young. Such a gesture can 
cairn an aggressive animal: O. Antonins (1^47) cites an impressive 
example, He kepi a wild onager Stallion { frcmitmHi.1 which 
was vyrv aggressive and always an ached him whenever 1 lie's nwi. 
Because the stallion could not reach Antonins, he redirected his 
aggression by biting into the Fence sir against animals in adjacent 
enclosures. Once, while trying to oiLack Iti > neighbor, lie luid his 
haefc to the fence so that Antoraius could reach the .intmal with a 
bundle of keys, I he revolt Of this contact w:is dramatic- The stallion 
acted as though he had received an electric *hodi. he stttnJ s i ill, 
turned around for a second, showing intention to bite, but retraining 
from, doing so. JmsLcaJ. he continued to permit this obviously pkas- 
ine stimulation. From lhat moment on the animal was tame When- 
ever Antemius appeared, the animal no longer threatened, but 
approached, sfornvcd greeting behavior. turned around, and pre¬ 
sented his croup In order to be scratched- In .1 similar manner I 
was able to tame a galago \Gatago frmskmiltitu<\-. The animal 
seemed to like being scratched behind ihe cans and in dhe armpiis. 
Soon ii showed that it wanted 10 be scratched there bj raising an 
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arm. Sjnoc the belts rior patserns of social tuts. of ^km and fur 
already c* presses «ftiKaei willingness. ii jo understandable ili.it 
lhtf‘- vaiilcL; iIIlw hcLJiTif riliiai I i/ed ir'ilo expressive move intuits. The 
lemur j Lmmr snwiy./K) tok others with a movement that .s used 
Eli comh the fur. a, behavior ih.se ii commnn to tin-, urunp This 
combing movement wilti the lower mandible ii made icua space, 
accompanied by rhythmic rails and even Me kin a ihe air at high, 
inlensiiy. spvcioaa will make similar licking ruaivcnwiMs and 

rapidly open and ckw ilie lips, by imitating these nao'cemeiHi one 
can pacify aggressive unimals. Many lower monkeys will groom only 
alter performin,g the imencion movements of licking iK 3 Andrew 
l%3bk Vervei monkey, smadk their lips before cleaning 
one a no (her and also gnash their teeth. This generally expresses a 
peaceful mood |T. T, Stmiitikcr l%7). baring ihe courtship of 
many birds and mammals preenm ■ and grooming behavior plav a 
great rob; They aid in pad Tying ihe aggressiveness of rhe partner. 
Even the behavic^ of an aiiwkr can be iraisvformed Kilo "friendly’" 
grooming. In herons. cormorants, guillemots. and other hird& the 
bird that is a Hacked parities an allacker by presen Line its head, 
‘fhe ailacking behavior ihen leads into preening behavior lC J- O. 
Harrison 1965y If one rat bites another accidentally during play, the 
one that was bitlen will squeak and is at once groomed by Ihe one 
ihal bii ■!(]. Eibl-Eibesfcldl 1957ak 

bteqcLiiEly M-avior patterns tfeiai led 10 aliaeks evolved into 
threat gestures. Thus ihc opening of ihe ntouih preceding biiiiLg as 
an intention movemenl evolved into the baring of Ihe iceih in many 
mammals fcarnnMfes. rotlenls, and so on]. 

In crabs, ihreaiv with ihe main weapon, ihe cl-fiws, are njinaliied in 
several ways. In only a few instances arc the claws raised and 
lowered in a slow rhythm This is done by Ihe shore crab ( Grap-mi 
jtrapsut} in lhrenis against. urn‘.peri tics as well as ag.misi others ill. 
SchOitc and l Eibl-Eibesfeldi 19651. The mangrove crab |Conner 
cmetriaia} threatens Similarly, and in ;i slightly modified form ibis 
claw movement is used in a waving motion during courtship ill. 
SrhOiK and H. ScbOne l%3> Rilualitalion has evolved lanhest in 
the tiddler crabs iUrtiy. one enlarged daw of ihc male is waved, 
and each species ha* evolved ils own mode of waving (ii- Hedigvt 
1933: J. Crane IW3. 1957; ft, Altcvogi 1955. 1957; W also Figs. 
M and 451- Sm {ill mrwemenis are derived from threats. !n a number 
of tiddler crabs the feeding movements of the tlans have hccwwre 
ritualired into Ihe waving movement l J Crane 

\lauv ihreal postures seem ns have evolved om of nuwe merits 
of preparing to jump at another. We may see only an intention 
of raising, ret the ahmial may actually jump EOWaid Lhc L’lppCHHIli. 
and slop shoti in an exaggerated manner, thumping lhc feci hard 
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uilio ilio ground, frequently creeling I he h.«r al the sinic linnc (for 
example, jh badgers tmd sqgifM* as j ‘ (tuilj^n-lhc-braiid- ' Jft- 
pLij‘). In man. slam ping I he feel m anger also u> he ,i ritual iied 
aU4lL movement (I. J-jW-ljhiMeUft j. Move munis us protect 
parts of (he tally. «Hch as pgllint: haul: of (he cars us protect the 
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ji.naaJ and the inner ear, have evolved into expressive movements. 
So have epiphemurtrna JLeonipjn V irag general Jiovul, '■utfli 
displacement iLiivilin (N. Tinbergen lw autonomic iVfflii 

(biushine. paling, gland vecTetioiisd. but Oils if they duncteriud slit 
physiological s14ie Of lb? aniirtal uiMinbtEutnsdy iD. Merji> 1956:. 
I. Eibl-Eibelsfcldt WGb, l9?7ji. Thu* mdrty makei vibrate Lhe ends 
mi ihcir uil. In some specks this h» become a ihpeatefiiirtg gesture 
and special rattling devices have uchfil (ralllHMkiijL In many 
rodervb ;md in other m-uri nt;i k as wdl. ual movements and «r move¬ 
ments became ritualised into expressive movements |H. A. Freye 
and 13 Getvder I9W: H. Schenlket I9J7; V, Bopp 1954). 

VEiweiUt'iSts of rmbaTiHismeiH jud tvilte/ cji.iakcnniiicn.L of cv* 
citation do rot have oilier functions I hat could counteract selection 
rn a certain direction. so they seem to be especially suitable f« 
ntrujifieatinti into signals. 

Porcupines possess spires or I heir (aits slut have become modi¬ 
fied inlo sound-producing organs as wjs nolcd by Darwin (Fie. 4fr>< 
Similarly, ihe failing of hair and feathers may have led to (he 
cxviulmn of nunc* and ctijlSpLeucVUi leathers, blushing m.r. have 
led to (he development of bare skin areas ih.it are strongly vascu- 
larecd. which car be es.bihiicd as tumescent bodies, and so on. 
llie habil of marking with urine, found in so many mammals, 
may hate been derived from urination when the animal) Wjs fright¬ 
ened (I. Labl-Hibesfeldt 1957a). In a strange environment rats leave 
I rails by regularly secreting strops of urine They also do this si hen 
vr.miing over corntpeci Iks, ihus marJiirg them In porcupines (Ere- 
ihi-iM), ugoutis ( frit/typrOfi#*), .md inarji ( Dotithous) ihe males f-ilsc 
up and spray urine with an erected penis on females as well as 
aeaici^l male rivals 111 Kirciiihnfcr |tlM)|. In mataS (he nlcfc pfescll- 
i.iti.on of an erected penis serves as a (hreat. W YViekler flMlic) 
luSpeds that Ihe genital prti* Motions of male priiitaLes must have 
evolved in a similar manner (p. 4JO). 

Whenever it i& of advantage fiw all animal that some of its inci¬ 
dental behavior be understood by another, selection opera if* 
to transform the behavior pattern in L|iiestiL'Hi into a conspicuous 
signal. This modification of a behavior pattern to sene communita- 
rive funs Lion is call cd risuafizaitoti I J. b 13unity I’#!! 3: see also t ig. 47). 
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Qn the <HT homologous faH( rns sneh Js grooming ■or parrmal 
rw 4 j ng . expression movement* evolved often independently ond 
along similar lines in different animal groups as Komoki*^ (p. 190). 
e*pcciaHv in imlVKci’ where ii is not paramount that the *pocKS 
are dearly dilferetHtated in their expression movements from out’ 
another. M times similarities came atom in thu! certain cluf- 
iLCterislks are required for the effertiveneis of a and then 

sdetLlon pressure leads to eon verging. evolution. This a true for 
naflv threat vacaliuiuits. such DA hissing, roaring and s(sillntg, as 
tvell as- those which can be heard abode the roar of breaker* al die 
statva^r and signals Lh-aL are difficult 10 delect !?>' predators. (P- 
R, Marier 395-6t*; l. tibl-Hibesfcldl lWlaJ. 

f'jjure 4R show 1 * several .quite similar calls -which five songbird 
specie* give when a predator passes overhead- The high-pitched, 
ihin. and long-drawnnul calls ("lift"' note Ol «he chiifhnchl cun 
almcM never be sulfieicnLly localized to orient a predator. ihey 
jrc »0 high |e» be useful in detecting binaural phase diDefences, 
according to P R. Matter (1956b), and are loo low for the detection 
of appreciable difference* in inlens.ii>'- In addition, they begin and 
end unnotkcdhlv. so that binaural CCOpansoro with roped 10 time 
difference* arc also of no help- Tlie co.ll serves to warn comped lies 
of danger: (hey. in Lurrv. seek the neared hiding place without trying 
to locale lhe caller, Chiflinches and many other songbirds also 
react iq the quite similar warning calls of other species. 
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On Iht other hand, when Ihe Mg no Is distinguish sfKcits the) 
j re substantially different, especially in closely relabfd spcde*. w litie 
Lhc chance of hybftdiialkm esisis [F h . ft VLirlci |9JTa). Thus ihe 
ccrrilorijil and courtship of ch« three warbler species.. the 

willow vi.ubJef, chi^hnlf. and wood warbler trtKftiha. 

1 J . caNjbita, and P. tihikirw} are very well dillifeeMiated i lie 49l, 
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Fujijrn *191. ScfT-1* i-S w*km •*&&&■ I 3 K :iH.;hart a-. .J’l IS* ^oort *VW* 

!•■ COItMn*! Ic-J- Wh h*lMiU'Wl.n Hi- " CM* iri-ch ihe ’..1 r-y. >1 Ik -..; . .; jfl, 

•ojssJ !('X4I infer wrth iisvhVI '£ l*r-jiii. ift-reKi .ysj IVVCM* Fth P R M,vhr 

rh<y can nbo be easily Lou ted bceivK of flic break between fre¬ 
quences in their sonu pmieriu. (.hi srull islands where fewer birds 
live (ogelher- lhc- ulb are much more variable within a species in 
comparison irt lhc Call* of ftwiipcdtici Lhji live rtrt ihe AMliirtcrit- 
This is true for the call’, of ihe blue lii of Tenerife Island and for 
the gtddcresl on Lhe Azores (P. R. Markr and D. J. Boslsman I95U. 
Closely reLiied species of gf:nihop(Scrs v. hich live syMpairiLiilU have 
very distinct ends iFig. $0) and sympalrk lightning hugs hate dif¬ 
ferent blink vign;ils H A McDermott 19171. Fm^ specie* with 
partially overlapping ranees have calls more dearly d isUncuish ,i hlc 
in areas where iltey occur side by *«Je than where only one specie* 
Is found (W. |- Ml.ai r J'tIVm Con Hast is emphnsi^cd rmly where it 
seems important. This phenomenon is called character tfSipfattmau 
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Sul h Mdevticui pressure lunvjad uaiicfuchcts Willi ills' resulting I.'lcL of 
confusion of signals cxho also when e.xpxessivc mcvdiKitb hove 
rvirfvwl irt oppojllc directions within a species (see Darwin’s principle 
of antithesis, p. ^2-41 

All the changes ch.il accom peril rilualreation seem directed to 
med the requirements of signaling to an optimal degree, Thu* 
means ihu in :i)lWL itismicus, (he signal is conspicuous, precise, 
and not easily con fused. Selection takes plat e via the receiver. who 
selectively perceives, and respond* Co the signal Inur many com* 
pnr.niVL- sitidies we I now ihm the uiuJe/SEanttmg of a certain be¬ 
havior patient preceded it* devckipmeni into a signal. Thi* i* valid 
I'.ir the attracting arid inuud-inducing effect lit iechSi iajr JWOVC-Stteillli 
of ehscfcenlike bird* on conspedfcc, which in mother hen*—sn H* 
ritualised liirm serve* to .iii.iet Irens. Within the phuoaciadai? chi* 
fin'd calling ha* become riLuatizcd into mi Important courtship 
movement, a* will be shown below, 

Liu- following *pw<Sie change' ct»n late place J itriEi (■ timid lialioo: 
|. The behavior undergoes .i etuutgr of (mutt-urr. The original food 
enticing in various phasianitls became a courtship behavior |p 
1031 The same holds few Ihe inciting of ducts (p. lOK). 

J. The ritualised fiiotemenl l.hi bbeitme independent from iis 
iWEgiital jnoiivabnn and develop it* own motivating mechanisms 
Such a ■: htiHiff jyj rhvliluliofi Was illnsirated h', W. tV:i,kIcr 
{1966c> with the example of the "presenting behavior” eif female 
babfKWLv which h.i* hedonic :i "■greSiin • gesture-'" A similar 
autonomy In respect to a specific innate movement can be traced 
cturinjE the sour-c oi' die increasing ritii.ili/.stuin of the inciting 
behavior of ctuelis (K Lorenz 1941.1. 
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i The movements ,ire frequently exupigirHiiitif ut respevL do frequency 
,u»d ;i m pSLuid*. but ihcy me ;ii the *n.iw lime simplified. by the 
dropping out some eomponenis while others bfcimic eug- 
aerated. We have already mentioned Lhe waving of t'lfiwi. in 
fiddler crabs as no c.sutnple. Hie visual effectiveness of IhK 
movement was not only strong i hulled through the e-Sagge ration 
of I he finrpkiirji? of mavruwtu but ahfh by lhe frequent rhythms? 
eepeiitiM [k Lorenz IW| : A. t'Xcinje W. iVicMcf 
-3. The Sivtthoid ivj/rjr.'. tin releasing stimuli often change to such a 
■decree that (lie more nui.ili/cd behavior pattern, in general, is 
enure easily released (A. Diunjc tvSO: B. Oehlert I’SJJt]. 

5 \l<»o?nicOls rfi'quertlh "freeze 1 ' ifflU) ptixtunr* In 1 lii w.n many 
threat postures developed out of the opposing motivations of 
attack and fleeing, which are usually activated simultaneously 
during, encounters with enemies iK. Lorenz 1^,1 If. 

6 Compouenn of MieniuritMt are chanced. (An example is “inciting" 1 
in duritsfp, 101*.). 

7. A behavior pattern lhai previously varied tn respect (o the in¬ 
tensity of motivation and Miinulus can become changed in ihui «l 
occurs stereotyped with vonstiini intfiuiiv (Ires]ueney and ampli¬ 
tude f even if the animal is strongly motivated M'/'n iV Niff-irur, 
l>. Morris f 19571]. in ifc e. manner Lhe behavior hec-omr:-, u n- 
iinI'ty uimi■■ (it. l"Jarte jnd W. G. van -der Kloot I9fnlf. As oils’ 1 cr¬ 
umple we may vile drumming in woodpeckers <p. Mil. 

8 Variable nwcerrieiyi sesjiienevs l.^ci become com pressed into 
sierviiivped :utd simpler ones (sec zigzag dance ^ Hie sueklehact 
and inching of lhe duelc. pp- M)& and 15?]. 

9, Al«ne with these behaviors! changes there frequently Occurs ihe 
development of very conspicuous body structure-.. sul-Ii as orna- 
mental plumes, enlarged dbws foe waving, manes, saillins, 
tumescent bodies, and ms on. 

\]| these changes i~in ocvur daring phytotzewsps as well as during 
ontogenesis, because even a learned expressive movement can be 
improved in clfectiveness as a signal- I his can be observed in ihc 
developmenl of begging behavior in zoo animals Ip. Ill], this is 
learning bv reward, m that the zoo visitor rewards hehavior or pos¬ 
tures that arc niosl attractive or pleasuig to him. so th.il lhe animals 
esacgerale the desired pitWKt ■ ird leave out I he urt necessary ones. 

The "polishing” of ceremonies, which at times occur between 
two married partners, s nut included under the process or uiito- 
genetic fitualizntioii. 

The cultural rilualizaliom oi' nun follow the pattern of pbslo- 
tenttic ritualized ion. UAing the fc.it as a grant's developed from 
removal of the helmet, The mdimry form of ^resting. the saluic. 
In which the hnnd is hniuglht to lhe edge l >! (he tap developed 
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from movement o-J' raising the visor. Itoth are gestures ex¬ 
pressing con ride nee. Thev? traditional greeting forms are widely 
ritualised, and hardly anyone u-mg the behavior lnuw ih« origin 
of these gestures. This will be discussed further later (p. 454). 

I he iimiliifilite in the development of individually acquired e*- 
prcssite movements with the phylogenetic process. of riluidtoilion 
have ,i 1 rimes led to Lamarckian inlirpreUliau. How ever, the prin¬ 
ciple 01 selection (dome is sitfftcieni SO achieve a directed evcriulkm 
or development. On the whok ii appears unreasonable, only upcm a 
superficial eenswlwatkjfi. ihut nalvrc should provide the row material 
for selection only through "Mind” mutation rather titan striving 
toward 1 * adaptation with the aid of direcied m illations. Upon further 
rtlli-Ll ilMI ■ ■ ri■_■ i.jit sec thill organisiiis Would he ill danger of running 
into evedotiorttfy nilvdeHt in litis cose, Only lit rough blindly 
random muialiora is it pca&ihlr to try out pIJ possibilities iliat 
could be of use in meeting; the challenger of a changing environ¬ 
ment (Tits method of evolution, which at first appears so unwicldly, 
nvLciiiilv turns nui to be the sn e appropriate one. shut is, the noisi 
advantageous in terms of sfkdkm. Random changes in iltd- environ¬ 
ment can only be successfully matched by a random exploration of 
all possi hi lilies. 

As cun already be seen from rhe summary, the concept of run- 
ati/alion refers to the improvement of a signal —to 1 he development 
of refcascrs. Behavior patterns and changes in structures in respect 
lb signal function, as well, fall under this concept. The direction of 
evolution is determined by the perceptual meetaittan of the re¬ 
ceiver, We also dismissed onlogenettc ritualizalion. and contrasted 
■l with phylogenetic iuu.ilir.ii ion The teem "suiiv.iiioT' has been 
proposed for the concept of ontogenetic rlluaCizalion |D. Morris 
1^56). huL il ns passible to avoid adding yet ufwnher eoneepi- It is 
important lo recognise thal I be elucidation of a signal does not al¬ 
ways* mean becoming more OTii$pkw.iiis. hi any animals have ritual¬ 
ized behavior which mate them less conspiruous. have in nlirld 
the waving motions of leaf-dwelling insects with man.) examples of 
converge neies. These are signals, too. but we deal with deceptive 
signals. which hide the animals nt the mining leaves. F■ r l j lel iaLt■. 
animals developed conspicuous patterns which sene lo facilitate 
specific learning processes, ttnc ic reminded of the wasp pattern, whose 
meaning has to he learned by many song birds. Therefore, nor atl 
ideasL-rs alio have ihen counterpart in an Innate releasing mecha¬ 
nism 

Not included in the concept nf ritti.iliratkun are .til those changes, 
which arc concerned with the improvement of the reception of 
signals, ill;'il is, the development of innate or acquired releasing 
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mechanism* fW ^ Schkidl 19621 W. W.-cLIci iJ%?h> h.i» proposed 

ih.ii all processes which le.iJ id art improve wen l of eOmimimcj- 
lion he collectively termed wmmiisatioii This, ijn take place ujii- 
UHerally I'rniri ihe scnder fscm^ndkaiHin from ihe sender—German, 
■vertdcr&cisicc Serna niisierunci and is then culled Often 

sender and receiver develop together by mutual .id-ipiahem, and 
fir ally .1 H'DiLniiMium on Ihe part of the receiver ear take place. 
This concerns all development sit releasing. mechanisms. This is 
the case when a nicSh.1 moth evolves. an cniiak releasing mecha¬ 
nism responding to the ultra sounds of a hat which, releases escape 
responses. L>r when a [L>ad develop* in innate releasing mechanism 
for a prey that “docs not wans to he noticed.'" The imparting of 
meaning. w to speak occurs from the receiver's direction. Fur sin-, 
reason the development of the render due* not mirror evaclh the 
development of the receiver. 

■\fter this dtauttioft we now return to ihe concept of rilualrii- 
tion. illustrating the process with some examples. 

Ft Schcnkcl (1956. 1958) was able to trace the progressive 
ritual lotion of food enticing during cou rtship by a comps risen of 
various phasianiJ birds. The least ritualized form is shown bv the 
male chicken {Galfus), ft scratches several Limes with ils feet, steps 
hack, and pecks ii ihe ground while uttering call* t« attract, even if 
there is no food present, it ■will, however, pick up small stouts. as 
if ihcs were food objects: the hcii comes running iFig. Jlaf. If the 
rooster actually found food, she w il eal it: if noL, -.he wiII seek in vain. 

The ring-necked pheasant (Pbasianvi c<rtchicnt\ attrade hens in 
a similar manner tFig. ?|bj. five cunning impes.tn phcawirti 
iLopfwphatw impefams} bows low with a slightly spread: lad before 
the hen and pecks vigorously al Ihe ground 1 Ihe hen approaches, 
scardves in from Of him. but now he maximally spreads his wings 
and tail feathers and keep* his lowered head stall Only bv spread 
onL tail bows rhythmically up arid down during this suge of 
“ecstasy” (Fvjr. 5 k) 

The peacock pheasant {.PohpUxtmn fu'cakaraJwfi) behoves sim¬ 
ilarly \fter scratching on the ground in the mm finer ffl] 1 a food' 
enticing male domestic chicken, he will bow with raised wings and 
spread tail feat hers (Fig. Sidy Ef the female approaches he will 




Figa.ii* 5-1 £y$*j|iqa e* is list pnas an-Sr owl oT in* food c** 
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LjiiKKIv move hi* head back and forlh in her direslkm. If one give* 
him food, htr *ili otlcr it to iIil female. tints revealing ilic original 
FTKrtiotioji, The movements seem 1u be ritualised feeding mw 
men is Normally lhc mule docs- nut feed the female at this- lime, 
all hough she peek" on the ground in from of him. The courtship 
niovenwms of the peacock (fjrroj are already so ritualized thal erne 
cannot recognize their origin withooS a knowledge oF the inier- 
rtiediiify fontii, TJtt male peacock spread* I he tail feathers, shakes 
them, and move* back several -.reps. Then He heodi the spread-out 
I ail Forward and points downward Ik his beak, while his head is 
si ill upright (Pig. Slek As a result, the Female Tun* in Front of him 
and pecks in a searching manner on the ground in the focal point 
of the concave miriorlike shape of the fanned tail. The male peacock 
points, so to speak, with, his fanned-out tail toward imaginary 
food. Young male pearock*. incidentally. fc.K>d entice still m the 
original Form with scratching and peeking, thus there is a recapit¬ 
ulation of phylogenesis during ontogenesis. 

This food cm icing iTond cal ling j also appcacs i't I lie functional 
cycle of tare of young. A hen attracts her chicks by scratching, 
peeking, and giving ‘■peeiaS calls, and this ev u-ndouNedlv the lefo 
ruualized form of the behavior. We can oflea observe Ihat expres¬ 
sive movements which indicate a readiness fur contact arc derived 
from action' perFormcd during the cafe of young. W. Wiekler 
(ISifi7ci and I. Eibl-Eibcsfeldt (L%6at Teccnlly compiled a series oF 
example* Among many sungbuds ihc ulIuIls Iced one another dur¬ 
ing courtship, as if Lhe partner were a young bird, while the other 
"hogs" with ihc infantile '"wing trembling" (Fig. 5-2). In the cuckoo 
(C^wnifevjarvfw/iiT), which no longer Feed' its own young, we can 
only observe the derived feeding leI" the pair during courtship. Many 
carnivores feed iheir young. Young of Ihc jackal t,Tho& me&ametis'y 
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of Africa naitie ihcur parenls 10 Tfcvrasate food by pvi-shino i lie if 
pjrtnls with (heir mjjilir (Fig. S3j. Between adults <his pushing into 
the corners of live mouth is pan of a greeting ctKinaiiy i W. WarLM 
l$6fk). The '‘ilTeclaona/Lc mouthing" of wolves probably developed 
in a similar manner (R. Schenkel 1947) In some seals, which no 
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46 .11 K- QMirtij cf>id jot bo >i !■» .1 ch*o> fc. irauv. Tim 

■THilhfr g p-jCD fvy Ip) fl-Kj G#irS i| to t,(h vou^q, .bi Ehi'npMlCftftl 

greoiinj wv: APcnlMr.br H»g iPtoioyitfhi; i» P $LMm.<.um iSagl^g** Garden. 
B^-vd;- 1i:;r*i f, M l..nrj fl®6'*|: Til &JOi» an* IvoiH) K VJD UftCt (Imdmi. 
*iitv owmcnajo at MtuifrMt Gt^UrJw; i 

Itmgcr Ts^gurgitate food. pushing and rubh»ng ■with mu Tries is used 
(jtdtui^ly is, j greeting beLwten mmlter and child and among 
adults as well (Fig. 54 5 . Sea tjem bulk alto use Hits greeting ceremony 
la stop fights between iheir females <J. HiW-KibesIVWt I ♦$$!*). In 
anthropoid apes and man mouth-to-mouth feeding of young by 
their mothers lias become k.ncwn (Fig. 55a k? bur a Uni I cWropartiCes 
list* greet one another with a kiss (J. v. L.awicL-Goodalt 196SJ>. and 
as early as 1915 M. Rothmann and E Teubcr (1915 1 thought that 
kissing in man is ritualized feeding. This wi(| he discussed further 
(Hig. SSb). S Freud saw the mnitancy between cafe frehaviiaf lor 
young and sexual behavior in nun. but misread (he direction of 
dcwtopmcnl in the opposite direction hy saying that the mother 
responded with feelings front the sexual realm, ilut is. when slrofc- 
ing, kissing, and rocking the child, which (hen became a substitute 

for Mil- M.-.*.u;il objvVt (S. Ffeud |9J<S). 

En analogy. wc Jir.d similar ritualiznlron in insects, in which 
ruttiial feeding iImi U :m intpnftaiu jamr« jtt keeping the group to¬ 
gether. li. Koubaud (t9)Ai proposed the hypothesis that in wtMfu 

-ft phoioo 1 '#' 1 0l * Penuso mctilttfcr ffatuh-iowiou* i»*4aq 4s hath oa putAshod 
by A. Dupt^'al 11963 . 116 }. 
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ilie inivjl ’.alii a is the nwait,v of establishing a bond between nuichcr 
and larvae and! thus resulted in, the raiding, of many young. The feed- 
iiiL’ is mutual. W. M U'hrtkt i I^2S| coined ilw learn trnpknliaxii iVu 
this phenomenon- Exchange of food » also hdiirtcd its be ilie basic 
cohesive factor among an Is and termites. where behavior in respect 
[Li ore of young is- continued into adulthood (T C. Srhuetrla 19*6: 
W. WLekter 3 967b Bees that wanl lo enter u si rouge Hive appose 
the guards by offering them lin'd 

By omhpriring the courting behavior of many species of diKl>. 
K. Lorenz (L9*il| was able lo reconstruct Ihe evolution of some 
hiehls specialized courtship movements tl ; ig. 5*), la some speip. 
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for cs ample, cl if up-down ld u(-ib) movement >- lacking. lib iu 
place in the sequence lh*w i» a -drinking W^anl" (anlfinkcnp the 
partner. which has the same appeasing Function. Flic similarity la 
form. the p-i'icmn within the ^ucacc. and. n this in-Uncc, the 
similarity in Ai iWiiMi a- wuII. indicate iliac the up-etown move men l 
■& probably a ritualized form of the drinking movement. 

Many drakes preen their wings during courtship. which has been 
interpreted as ccmflki behavior (displacement activity, p. |77|i The 
primary realhcri are Only touched in p-is'iiig with their hilt, ;n if 
they were fkiimin^ ai tlieif ctihirful wiq^ speculum. In the mandarin 
drake this rnovenunt became an actual dcmofrslTJ.ttvc movement. 
In I he nt.tndann drake Special conspicuous feathers evolved, which 
are e*.pu!*ed during this apparent preening |fij£. 37). Oilier ccimfotr! 
movements, such as- shaking or bathing,, have also become ritualized 
within the duck family. An extensive presentation and di.Hciissnin 
ti? owe Li' F. McKinney iiUhS]. 

Another behavior pallern that allows the slep-by-slep tracing, of 
its evolution is the ‘noting behavior in duck*- this nsovemcru pat- 
Linas belong- to the behavior repertoire of females and serves 
ihe (unction of Separating a particular male oitc of (he grmip of 
iiinirmiiatlj charting jOjIl-s, by becoming regressive against ocher 
females. In sheld duets this behavior is still found in ih lead 
riiu.ilircd lorju. If one pair meets another. Lhe female a tucks with 
threatening gestures, Hut as sOGn as -be approaches the Other pair. 



fujurd 57 [j| $h*ri piMAr'ig «l IS* i^fc-ytoWr,- dial*. Ii p'«'i ih* e^poMd 

Sri* Hi' Ih* ivOyS, e-pQt.hfl Ih'': t:bj* Ihcutde 1 IthlkWi ih If** PCK«H. iW 
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her escape drbt Is aetisjiLeJ and Ihr Icjn.iic returns ID her drake 
f here her Aj^ffaiWc impulses become stranger aajMi. She stop-' and 
ibreaierii back LowarJi (be sL^nge pair, bui she tk'O null lurn dmfCily 
toward lihem. Her body remains turned irt the trf he* riiiLtir. 

and she Ihreulens with her head ewer her shoulder at the other pair 
lbig. Sty This is not j iiftctl poHliewi- but is (he result ed the ctHiflici 
between anad and csi-ape. In mallard duelts this movement sequence 
became a fixed action pattern: The female always threalcftS over 
her shoulder even if tbe bird toward which ’he ihreatenv b in 
fnooi of her and she them points away from him She evinlinve’. 
to look at him and dews not inns the head back as far as if die 
opponent weie actually behind her <Fis. In low intensity 
inLittna she <nav point her head directly toward him. hut with in- 
■creusinf exenement her head is (breed bask. 

The LJseilljiatMi between lup inlagonblie intention movements 
became ritualized into an expressive movement in ihe slick Muck 
I he dance O' the eounins! male consists of mmcmeni components 
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Lli:il are directed alternately toward [he r.:ifuil.r Jild loisjld Lhe iLl-.L. 
The fainter are aelisaied b_i a drive lo fiehl. lhe latter front :i 
drive hi unit i f. t. lersel 3953). 

WieJiler £i9ibl 19b4bt showed chat the nod swimming of ibg 
mimic | /(jpfifojjrwj tomiatv i) uf the cleaner wrasse is derived from 
t eonrtiii behavior that is widespread in the ttlemiidac l ie filmed 
and observed a targe number of species and noted that alt these Ash 
raise their head when emerging front their bid!ng place- When 
frightened and moving backward. however, they press their head 
down W lhe ground- When both 1endcwi.cs are equally strong, they 
nod. They also nod white swimming when Uses are in a conflict 
bclvecn continuing to swim un and 10 turn back, 3f lhe disturbance 
is caused by a eon sped lie. this nodding occurs in a rhythmic put- 
lern. Ilia I is. is clearly ritualized, bul at other times the pattern is 
irregular l^ig- Jl#), In Lhe mimic of the cleaner fish lhe nod swim¬ 
ming is very similar to the ritualized nodding and nod swimming h: 
ns relatives. encepi ihai ihis ipetirt cslnbil's lhe riltHiliZcd form of 
ihe behavior in intra as well as in interspecific inieraetions. This 
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ccun paralyse invenigalmn nen only explains for (he lifts time the 
evriltfion of mimic hclias IOC painjrns bu( documents il ™npb£(ely 
vbjih motion pniure lilm According !l> L. Wctdmjnn i |4.Sf.| lIan 
head Having s lair blnek-hcaded gall should be interpreted a-, 
i Mention to I let If the two partners of .1 p. ir jre iucquairtied WfUli 
eme another, (he female will beg from the rule und is fed. Out id' 
nest building odd nest repair conic in,nis expressive movements 
at birds—for example, in several speiin of pel ket fit form et where 
chey have erecting and threat function [(I. I*, s. lets I4t.<. see also 
Fig- 60l. 



Fi BV i* do W wMl MMuwr course ei poiiui'M or mownants wtilt stgta tixean 
h^iiwycs iowe>'d Mrvvss *nd ^■wi.'tga r<r*wd die pjnrwr, ivtich ptobaMy iwi 
Mfn^j 1 now neji-tiu-Cng 01 r'ws<rsQ mowrronu is :!w 11 ■Vwrv-i,.:. 

eryihrtytyncfiO’j , 'ndjccd nranniQ is rtrtl ns*twi«l; .fell B.v .'-iv. r«xl 

I*PJH, iz, Mw|»> .‘l.l,.. *•••:■. omrrfl w« 1 il b*Vrr.) 0 l il-fl O 0 <M 1 *rr. 1 : S.'".l *il- 

& 0 w; ltj PtltfX'QCO/A* .VA r.V-fAi. iMjrflS slj SU'.i v-' : a 

CCYVity wirfl -a) IlH sY-'igS. -O JSnWHy.i jrtrt.'SJi, Im\vig itrA 6 JI 

pw >0 Ifl vacLioof row Jed fcrjncK**). tAlor G. D . v. ?•« (I B€5| ■bo*-* CV Vto . <ar ; 196? 1 1 

In she bUick woodpecker ivo expressive movement* are derived 
frond chipping mil a nest cavil} ill- Sqelnrwrtrt Dfiimmin* 

against drs branched Signals to other males 1ha( the territory is 
occupied. Tft tainted si would mean "someone a working (chipping 1 
litre."' be,males are attracted. rhis muv L-men L is sharply mndiAd by 
quirt rhs-Ltimic repetitions. A second expressive movement 1 % lev* 
mu a luted and therefore more easily recoin U«d as diviM-J from slue 
original chipping behavior, If a woodpecker who bin Id* a neM tin ny 
wants to he relieved, il will llv 10 (lie entrance of iJlc ness e-aviLy. where 
Il will peek with deliberate slowness a t the edge of (In; enlransv hole- 
1 he partner approaches to relieve Lhe bird and continue-. ili< work. 
This “relief drumming" is also shown by birds ihm inesihace cues 
when the partner is asked, su to speak. In cake m'er- Then the 
genik peeking is directed against (lie wall of ihe nesi cavity l iis 
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btfhjvu.tr then seems to lie u general signal Cat relieving from oilier 
tasks :is Mid! .a*, chipping, In one of our films. advll »t»iip«licr 
finches iCacfetpisa pfliVkArl can be seen using the fonxl-begging 
bchai.'iur ihuVi si by Lhe young as gestures during pair few ns at kin 
Thtf Fomulo actually beg the males ami .ire fed. Utu rnftlle 

begs m il It ihe sprite behavior pattern- at the em ranee to (be rkM 
and iiwilcs ihe female 10 fellow .;l kibl-F-ibesJcldt and H. Sielmann 
IIMiS) This shorn's ih-al csprcssive movements in the course of evolu¬ 
tion experience’ changes, i generalizalionj similar to IhoMf lfPlCtfable in 
ilie evolution of Language. IK, Suren* l^ftJ). 

Ckhtids generally lead their young with b Tolbw-nK r signals, 
which can he thought of as ritualised swimming movements. Nor¬ 
mally . a Hah tlui ".mints avuy wall collapse its dorsal tin and make 
undulating body movement-. The ckhHd Arquiiftra swims ,i short 
distance with exaggerated undulating rrun'ertKWS and collapsed rins 
and waits for ns young. in ihe dwarf ciehlids. on the other hand, 
we observe ibese follow-nae signs only in ihe form of an exag¬ 
gerated head shaking as a last rent nan I of Ihe -wimmmg move¬ 
ment In the drfilid \Hfrkhthyt ryrrmtgrtffpjrril thi^ ibl low-ane 
ruVL'coiefit hei-iote a warning signal during danger, the same move¬ 
ment sn Ihe jewel fish ( tiemkkmm* binKtcithiui}. ifl which, in -iddi- 
lion a tjuu-l., repealed r;nsirig and L-.dlap-mg of ihe dorsal tin serves 
as a signal na call Ihe young to Ihe nesl pit—a movement llul K. 
Lorenz |I95IJ called a releasee for -‘putting the young to bed.'’ In 
tfem/ihn/mfi. then, two expressive nvovemenlx with separate mean¬ 
ing have been derived from Ihe mnvenKtll of leading young. 

Several intc resting examples of j change of meaning m the 
course of evolution have been descrihed by \Y Wkldcr |l$toh. 
Iflfi^uJ. flue urxual presold ing bclmv ior of female hamadryas baboons 
if’afiiv fiwtttttinn.-} also has an appeasing effect and is used with i|th 
intention by mates, which m further assimilation to the ftnulei 
also imitated their red lonKwenl bodies in Ihe anogenilal region, 
In the spalled hyena |fwvre rrocWfl) the presenting of the male, 
gcnil-i! region is an appeasement greeting ceremony. rhe -c.xes can¬ 
not be cxiomiiHy distinguished: the females have penislikc organs 
capable of erection, with which they greet Ihe males 

In■■ Lite L-.spccs-.ivr; behavior may be brought under willful control 
in higher animals and man Everyone km,™- dial children wlio have 
been on I v slightly injured will nails begin to cry loudly upon arriv¬ 
ing near home. A female gisrtlla in Ihe Basel 2<HX whimpered 
■ Milv when -he wire sure iliai she could tic.' heard I’r-ini die lime -he 
was d months old iK. Jfchentel ISHS41, 

(If the well-uMLiblislied kwrmS pxprentw imvemcMs we mention 
lir-i Ihe begging movcrncnl.x of many domestic and a*j animals, 
■v |iich usually are derived (mm intention movements of era-ping 
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still approach and iojnnimrs h;. imitation Lid gesture* |K It 
WiftfisilJtfiSter IThe ;ifttmat$ learn by trial and error, and 
lire Iflovtffltmt become jtmtyjKJ L rhythmic. and frequently exag¬ 
gerated., like the innate expressive movement*. 

Higher mam m.u I* can also fee deceptive, A chi.™ chow female 
lh;u disliked to accompany her owner by folk™me has bicycle 
limped badly when called Lo come along. On the reiimi. kg of Lhc 
drip, however, she hounded ahead in a lively fashion (K. Loren? 
l9iH3cL A uorill.i female in the Bose] whkh disliked being 
alone. sought to coll the keeper to her by a number at staged aeri' 
dents. A new woman caretaker fell for this ruse, when lhc gorilla 
pretended to Itnve caught her hand between the cage bars. When 
the woman entered the cage, the contact-starved animal rushed 
toward her and held her in her amts throughout the night (K. S3, 
Lang M.lfilJ. 

Dogs use the learned movement of '"-stiakint^ hands” as an 
appeasement gcslitrc. s* hteti comes close 10 ar» ability to talk. a* K, 
Lorens (1930s: |7£) emphasised- 

Utflifr dwf noi knew {On nag who has ctanis same mrsthiel ana new ap¬ 
proaches Oil ramie* on Os bally; vts up in bom a' mm, e-j:v fejfifc. ami with 
3. mast convincing ‘‘dbft'uhiniM- 1 Saci altempti 30 shits bands* I onw 
saw a poedte periods Una mwamoisi beto* wither dog «1 whom he was 
a1r*d. 

flogs also ate nblc to m.tke themselves understood through simple 
gestures appropriate to the situation at hand. 

H wnif dos bumps, you w*lh hi& ^asn. whines. "tin? to ;f.n dpw. scratch.-, 
them, or pious rf3 paws or the edge ol t*ie suit ind oaks aiOuiVd in a 
qiwsusning manner r then fin doss sonwinmj) wtirch s much more i -e 
human language than unvcnmg * lacfcto* or greylag goasu can say 
Ik Usronj lfleSiHSj. 

The female gorilla child tioma began ;i! age 2 to communicate 
her desires to her keeper by pointing -il w hat she wauled. Jf she 
wanted to have Lhc door opened she pat her linger into the keyhole, 
l.attr ihe pulled people to Ihe door by iheir hurtd (R- Schenkd 
I964J 

Even closer to human speech is ihe behavior of 0 tante raven 
(Corrwt vailed ftnt which was hand uittNl by R- I siren*. 

Ravens, have si Special way of in siting eOnspesihes m iK along with 
tlicm. They lly from behind dowly above ihe other raven, vsag their 
folded laiL and call p'aek'Crack-eraet:. Roa did ihv- sviih his e.ire- 
uln. especially when he noticed (lie latter ji a place where he had 
been frightened al a previous Lipte. He then approached ihe care- 
laker lining from behind is he would have done with another raven. 
Insieud of the innate call he new called ton. too «>». in imLlalion 
of (he human voice Ai the same 1 line, however, the Nrd relained 
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Mi i ii n.i4c Winning CjilJ n ii d Lived it JppiOp/Lii L-tb wiLll 111* 

sexual partner. 

El. £ in inner (1%J> had a raven that was tailed to the wire ef its 
tage wilh I Ik- German uwd 'kornm " L-alcr he oiled his female 
sn ihe same matincr. IE. Grzinaek's (I9il) raven called all children 
Gregor. after the first child he had come la know, The learned 
M'unJ'i are used m eornmumeaiinn lx?tw ceil favcas who arc friends, 
hut the sounds used in immediate. specie--preserving situation* such 
as begging and |wsiiiM calls of young. M, attack and IhrcaC calls, 
and calls preceding eopulaiion cannot he replaced by learned i*iws 
(E. G winner 19641, 

{>, Si fusion | l9S2 i reported on a young c nrs parrot ihiu had 
Scjmed to say “bade” (pleu.se)< when given: something Co eat. Ofin 
(he bird said "hi Me” continuously when its | etc up was empty .mJ 
(he bird was obviously thirsiv. Al tur receiving its tea (he bird talked 
continuously, hut only oihcr words. Since (hen E. Gw inner rind I. 
Kn-cntgcit {1962J found thru paired raven* and sh;im.;i thiushes 
f iipM I'rjiv ■ rjii.'i'.j.'i.j. i. ir.ti call one another wii li i lie tong strophe ihey 
have learned front Lheir partner. They name, so Co speak. Che partner 
with i he soatg to olive ihit is eh :l faeKr is lie erf (he other and use Lhis 
solely to call il back. 

t row-, of | he l-nils'll- Slates have alarm. fright, arid eolkciive 
call notes (liar differ from chose in France. IT tape recording* of 
American, crows are played 10 Eicnch crows, ihcy cither do noL 
react or interpret them wrongly. For example. they gather instead 
of Hying, away when they hear the American alarm call. French, 
herdug galls do not react at all to the calls of American conspc- 
cifics (il F rings and M Ewing* |9$9t (“hey do not updersiand their 
"language. 

The highest level is reached bv learned expressive move merits in 
human language. What in animals is commonly referred to os 
“language" is wiih the expepiion of the (wo last examples, nothing 
more (ban interjection- n chi insightful sound production. 

Human language can be u»ed as :i definition per *e Interestingly 
cnonch human lan^ua^e does not Lack an innate hatis tK. H. 
I.euncbefi: IWvJ J. in the lir-u 1 mewuhs of life the children of deaf 
and dumb parents cannot he distinguished frium lho*c of normal 
parents (E. hi Lenneberg and Others IWsS 1. Children bom deaf 
begin to babble bin ceu.se to do so after a time appuMmty because 
feedback, necessary for future development, is Licking. Based on Hits 
motor ,itwins for Language it is conceivable 1bai children would 
develop a language of I he ir own O I. Jcspcrscn (19,25) describes 
die case of m llamdi children who grew- up neglected and were 
cared for be their dear-mine grandmother- They conversed fluently 
in a I,.iiteuasc no one vise could understand and which bod no 
similafitv (o J JumsIi. 
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IJic chimpanzee Eh.il was raised by C Hay e> ( ItiS I ) babbled Ibe 
iylliW« pu. pw-j_ bra. bn. wa. to, ;ibo, babo. and gurgled L-k wiiih 
saliva urclil Ibt fourth month of iis lift.". With jjt-c-mi difficult" 1 . and 
repeated coercion of ihe mi>vemertls it w^s possible to teach the 
animal the (bur words Mania., Papa, cup, and up. Howevcj. ihe 
animal d»d imh always use them appropriated. allhough it tarns able 
n> obey JO verbal orders caactih The chimpanzee failed when 
printed with new combinations (‘"kiss the cup.'" the dn*^), 

R. A. Gardner and B. T. Gardner (1967 and are leaching 
n young fsniale chimpanzee a kind of sign language. She has already 
learned several signs, such as thow' for come.. come and bug. and 
come swing She correctly reacts to pointing and ilie signs for hioik, 
slay. no. more, and sweet. She iv also able la signal some of these 
herself. Thus she begs with an outstretched hand, palm op. when, 
for example, seeking help, This is probably an. inborn behavior, 
hecaustr n hits been ohscived in wilJ.lUing chimpanzees (p. I?S), 
This view is fun her strengthened bv the observaijoji rh.n this gesture 
occurs spontaneous^ in (lie third week of life. From this gesture 
handshaking developed, The female chimp points with an extended 
index finger and plates the Oreialcr's hand on Ihat spoi of her hods 
which she like* to have cleaned. Boh.it iuis expressing anger are pi-oh- 
ably innate, such as stomping with a I hoe. waving of ;l raised (Hertched 
list, and the shaking of large objects. The chimp demands thal ihe 
hall be thrown lu her by waving ihe righl hand toward her own 
body, and more recently she uses the arbitrarily acquired signs for 
more and sweet. 

By thy end of the training the female bad banned 3C) signs and 
was able to use these spontaneously and correctly. The lirst signs 
were simple requests such as "come.’' “'(rckle," and "go away,” 
Later object names were added, such as "flower.* 1 ' "blanket.'" and 
"dog."' The names were used as requests and answers to ..| ues- 
tknis, Suh’isi names were also uwd to denote pictures of k:u<«'n 
objects. Once 'be w-as familiar wilh S to 10 sigii'. she began to U'C 
ibcK m sequence* of two of more, marly of them »n a free and 
original combination- "Open fim^er" -.mod res" tlis- garden gate mid 
"lister eat'" for the alarm clock thaL signaled the meal These re¬ 
st I is -.hiriv that chimpanzee', cat learn uptnituneouily, and spi'Nt, 
laneouslj string together numbers of Lvimbinations of these vjgns 
(we alio W K. Kellogg | L9t.S]>. 

According to A. korilandt 11 y*Tf, ehimpgJUe'es communicate by 
simple gestures in nature. These gestures show local peculiarities in 
Form and meaning, which are presumably local conventions the 
intention movement of lifting a baby onto the mothers back Is 
generally a signal for the young 1 o mount the nun her |J cm Lawiek- 
Good.ill ItMik], HoweVei, knftlaisUl sibsefCL-d it in OIK area luttc- 
tioning as a warning signal between communicating males 
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Classification of releasing signals 
according to function 


The wprrHivc movementi! can be grouped according lo Ihejr fune- 
tiswi. It seems appropriate to me |c> make -a disiirietuin between 
those ciptKHiw movement that arc used in intraspecifie eom- 
ntuiiur,iiuni itnd ihtfte used between specify R. A Stamm (1964) 
raised i Ik- vjiid objjceiion that certain codiiims [threat) with ether 
specie-, are equal to thiwe with members <>r l heir i>wn species E-'re- 
ipicnlly. however, 1 hey are not. t Ik- predator is often threatened 
u* a dilEerent manner ifan the (Wrispcritic. something, frequently 
overlooked, and this is the reason few emphasizing these differences. 
In froth categories we can distinguish expressive mevenicnU signify¬ 
ing a wjUin|ness for social cmiuict front those indicating avoidance. 
Often one and the same signal has a di Herein effect on different 
perceivers. The "long til(“ of the black-headed gull attracts m- 
mated females hat repels rivals. The ‘'head-bo-ground"' posture repets 
neighbors jnd attracts live female i(i Manley I960: see also drum¬ 
ming in wxiod pecker*, p. (111. 


Releasors lor intraspecific behavior 

Signals that promote group cohesion 
Introductory remarks 

Between enemhers of one ipCenrs I here C*|st aLtc.ictisc its well as 
repidling; forces. i’teqtiHiily, the eonspeeilie is ihe hearer of aggres¬ 
sion-releasing signals, which erect a barrier, in a manner of speak¬ 
ing, ih.it dtatOUfage* approach At certain times, however, (bis battier 
■must be overtone, for example, when moles and females base 
Lo dime together for mating, or when aggressive animals of a 
species arc to Jive temporarily or permanently in a group. In such 
instances a multitude of behavior patterns and signals pla\ the role 
or hvflers against aggression, when new contacts are lir\i attempted 
as well as during continued contacts. The signals thai regulate 
intrjspeeifie interaction and Serve to isolate tpetb from one another 
as a rule are so specific that they are only understood by members 
of Lhe same species. This is especially I rue where closely related 
sponev occur iympatrit-ally. Such specie 1 . ■irv dearly distingiiulwblc 
in the calls w ith which they attract the sexual partner This true 
for grasshoppers (A. C. Pcrdcek |45S;i) s« well as for frog* (C. M. 
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JiugeM L■+.;'■ | i. 5.uriL:birJ'. >;I’. K Mirttr 1 J. acid other n dim a Is 
Wt hji,e already given some examples of this ip Wj. Here iv ;ira 
addLliOnal e* simple. Male hence hrard> eiehibil a vpoeiiie head* 
nodding paiitfrt Lhai dill eft (fin'd spetie’i to species |Fig. frl i L). 
Hunsaiier ii962|i ireiilaicd vucti paMern&of head noddici^ with plastic 
models of (ij-j rd^ ami presented them Simullarieo'iKly to females o| 
Sn'lirpofu .t lartftmtM mid $■ mtn-rfmatny 11 m; fifllul-fv lurried [■OWu.i'd 
ili.il model, which nodded n iih the species-specific fhuihm. 


Fiqoi* ppnecn* **%(' Jftpi mq. 

i*fl fliHufea >n ryoji ipeeiei tH Srrtj- 

BC*Vi Th# cijr*i}S jr-.jrt ytiw iKi IK Jv .j 

I*«d entf b«*e 4 Tc.: ..••C* ■• i un 

n >hehrt, ia.1-*- d Huns** s' [ 1I 
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Courtship- behavior 

Man*- courtship eereinoiii Lf- vuxvc lo eviabiish comoet bclwecn .im- 
mah. The *e*ual partner is lirvi amaettd fry special behavior pm- 

I cernv and, signals, lis htsiiancy lo make vnruei llicn is reduced, 
and ihe behavior patterns nf the partners become synchronized lo 
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uiic another m) ib.ii r'cfiiliiJiiuii ik ;-,'■■■■!hip i re%jii?qEiUj' males and 
female* emir?* but one partner is usually more active js a rule 
ihs> is ibe mate Few example, ihc female pipefish courts Oic male 
|K. Fiedler 1954]. 

In order to allrarl partners at ereai disiuners. we find the use of 
odorous satwiancfs by female inverts as well as Hie courtship song* 
of herd and locust males. Ira addition. mole bird* frequenIly make 
rhemvlvc* conspicuous by special display hehavcor Male frigate 
birds (/jng,niftr| irillate iheir reddish throat pouch and wait for pass¬ 
ing females | Plate lli Birds of paradise display their msgnilkcn! 
feaijteri. often aconnipMuicd with unusual postures. The bluebird 
of paradise iPoradiuua md&lpht) and ihe while bird of p.iindiwj 
{P giiilMmi) bang upside down on branches during courtship tPlaie 
HI} fn Ihc latter species,. Iw-y males, which court in groups, form 
a symmetrical llgure. One sits on a branch and the ocher lianas 
below wuh its back to the ground £fc|. O, Wagner 19J-SJ, Ihc 
superb lyre bird {\fenurv nutnekoii&milat) cleans a courting place. 
There he courts, calling loudly, placing his fanned out tail on his 
bad; so Ihat the painjined underside becomes visible (Pig. 62), 
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L.;Lulqrh:u:h'i ItoW hiwiithui )w\ bmlJj a 

bower with a central basket like cabin. On. either side of LtiIs cabin 
he creels Iwfi more wall*. vTWitiivK l»o Aldrs pfitswigM., The central 
cabin i- dpi,*'"filled with bluish ficus fruity. ]ii iroiia of the bower 
he keeps, red I'mih. Should .■ female approach. he piels ow up in 
hi* -bill and pre«nLs U. to her (Piute Illj-. 

\Eiu1her btiWCfbird {Chtamrik-ra nuth»la) hm!il> .1 bi.iv,er lliaL is 
decorated with bones and other bright objects (Fig. hi}. This hud 
afco brings ™e of Lhesc objects ns a kind Of ■symbolic present to 
the female, then turns his rape, which hits; conspicuous feathers 
when they are spread, toward her. Sime bowerbirds. for example, 
ihe satin bowerbird {i’iihmyrhrwhui w^Jbceuif). paint the inside of 
the hotser with saliva mixed ulih crashed berries and charcoal: fee- 
cpiently (hey use a leaf or piece of barb as if it were a brush. 

An interesting parallel to the bowers of these birds is found m 
the males of ihe cichHd Titvpia nmavchir, which decorates Isis 
spawnin^ pits with furrows radiaiing outward from the center so 
that ihe entire structure appears like a star. Thus the spawning pit 
becomes a signal that attracts females (M ETuet I95Z), 

Olkc the wx.uaI partner has been called or approached, tls fear 
of close contact must he overcome. 1-Vcrt gfupurious animats, and 
more so solitary ones, often maintain a certain distune to ccn- 
spocitics a«d react deficit si vcly icrwartl trait tgntta ions of Iheir indi¬ 
vidual distance. This barrier of aggressiveness must he overcome 
and i* done with special appeasing gestures. Terns (Sterna htruittfoi 



fiyiii* 5 5 D J-I ••-.J biH'.T-briJ l' r -' K■ f * ■ -. j( p*eier.;.ig i*e eftjft' Th» 
4i.:,i twAn* ch* bos*«< a ifeecisusi *.;h boow m d clh* - t^mie UfcptCltC i5l The WM 
ikio J-.S ilw cn'«<«d tDalhwi ot ill napo ■» trio lartsu# *v--;hi- ‘m S** **i>s*3 rue ih$ 
tome* M* jti'.i holds an obj«ei iM ** has e*#v as ho* *•»•** ■« M. 60. •t'wa- 
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offer h>h to female* which they court CM Rillinzhaws -ec 

alSO Fiji, &£]. 
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Sonic invcml-s behove similarly, for example, the predatory ibes 
( Empidi&w). where Che males arc in danger of being devoured hi 
th-e Jem lie* duNiij R!.Uiiij I hr females ■.>: Emp/t itigrarittTia, lor 

ctJmpie. Mill iutn^i io do rhis if lhc, have nothing else to cai 
Males of Emptt bwenili and Empu tesitfUtsa avoid Lhss danger by 
catching j prey before maLing which they pass to- the female. Thi? 
i'- the beginning of a very ink resing sequence of riluabia Lions. The 
males of Empit pOpiila and liifpria ifumiriiittatii Spin a cocoon 
around ihe prey object with the aid of spin nine glands on the lore 
legs, before presenting it. so that ihe females are tap! busy longer. 
In i! Hat in mdnra i he present is merely a symbol: The males spin a 
cocoon around an inedible object. for example, a leaf Al the end 
of this sequence we find ffihria rarfor. whose males .pm balhkudike 
structures ihat serve as, visual attracting signals tO. M, Reuter l^U: 
see also Fiie. -67}. 
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'3 his giving of food may he of diJEVrenl Origin despite simitar 
j pjwara lice-. The "bill flirt” and courtship feeding of the huJlrmch 
i j. N'kol.ii uMb) and many Qihtr birds is ritualized feeding derived 
from the functional system of p rental care ts?e p_ |04J. This may 
also he true for the mulual feeding of chimpanzees, s^ het pass food 
10 One another with thsir mouths fM. Rollimann aenl K Teuher 
(915). An orangutan mother nursed her infant will* pablum by mouth 
feeding, as did a gorilla mol her in ihe Basel Zoo. M nui MO- mouth 
feeding ssjs also practiced until rctervlh in the German province of 
Holstein [D. W. Plooje; I9w.ij. TIlc children read appropriately v.'hcii 
approached hy protruding (heir lips and making licking nuntneiut 
upon contact with the mouth. Kicsing in man could he derived from 
ihis. Upon closer observation one can sec pushing movements with 
ihe longue which remind us of movements used in passing food, and 
ihe noticeable sudeing movements may he interpreted as associaied 
ss. 11 lit receiving food. In Lhe flics discussed above, food pasture almost 
certainly is not derived from the brood-care system. 

Other jiffs besides food are brought. Diamond dove males give 
nesting material (Fig. to Lheir females Court in g erotic finches 
(p. ]96.j and many other birds (?. Kunkcl l9J9|i behave similarly 
IntaiUile behavior inhibits aggression jiust as effectively. Behavior 
paiicrns Usually shown bj the young, mosl frequently tised by 
males, seem Id have this effect |l bihl-Fiibesfcidl 1957a: D. Burlhardt 
h95Sl. The courting bearded titmouse shows became, movements 
wills Lhe vun.es in the manner of a young bird <Ci Koenig |93l| 
The woodpecker finch male (CtaFOtyNptr patfnfa) entices the female 
to the nest with I hi >■ behavior. At the same time she begi for food 
from him with Lhe same movements tl. FtW-llibesfeldt and H. Sicl- 
ntann l%5> Male NamsLcrs call like nestling young when they court. 
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\Vi««i .] nun I*. c>>uriing tic often speak-- leiiderlv with childlike 
ucwJ» lliat emphjsdze diminutives-. 

The yellow babuin I Papin < ynoaphafus i 2 red with “lip smacking" 
1 hese movements* which arc made into I he- air. cj.ii he explained as 
rapidly performed sucking muveimems and also dun he ontogeny as 
being derived from ihe - uck i nu movements of 1 lie couitg. fink pans 
of rhe body. such as Ihe nipple, the penis. [he female reproductive 
region. and the face of (he child alt act as Strong relcascr* of smack - 
1 at -ks these parts arc also attractive to Lriher baboons: Lhej w*i> 
[fihute mosi likely to the cohesion of the group (T. ft. Anthoney 
IKS). With this the female breasl received an additional signal 
Amnion thm aids die ooheskm of the group. This is interesting, 
hocaiuse we can prove a cerLain parallel development in humans 
(page 4o6j. 

Finally, many animals appear during courtship hy covering up 
signals or weapons that ordinarily release aggression. According to 
S Tinhergen 1 19501 head (lagging in the black-head ed gull serves 
to hide the black face mask tfoit xclcases aggressinn (Fit- W|. Terns 
hide ihe toff of their heads viich u oretch pasture, and ihe raven 
appeases by looking away and raising the bill i t. Gu inner I9WJ. 



Fijgjlv LiD Pvy.t 
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La a particular eounship sequence several of th^e expressme 
movements occur often. In courting jlbc.ir.w-es *‘f ears observe 
behavior paltcrns that can ho inlvfprcied ai riiuali/ed food begging, 
■sppeci'iemcn! gestures, chowing-of-ucsi. preening behavior. ;i> well 
as others chat ate not yet understood I Fig 70). The ewuriing ritual, 
which is repealed many times by one pair, begins uith a dance. 
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I lie male waits Motuid the fent.ik with hi* m.vk pulled m ,ind 

wobbled c^'i'^pHUi-Hlsly .mil nil '.VHCtl tlij’iS v, iIJi ihe siepS E Turn uric 
■■ iJu el> Lhe other. Muirti.iining the rtiylhin to- his steps both birds 
turn 11te ir heads aHieEmnclngLy 10 the side so that the bill couches 
their raised shoulder. The da tree is there followed by fencing with 
the bills [big. TJX'iJ- Ihe birds stjud I'asing oite antsihcT, •s-lreieh ihe-if 
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necks. forward. and hi!, 1 h.12iJ" bills, (Ogclhci 'iV!th rapid sideways 
imHions of the hfrad; at Ihe same time Lhey nibble a lilt ilieir btlK, 
Yowrtj birds, beg for ftwd in Lhis manner, Perhaps (his behavior 
■s ritualized begging. Other behavior pjileTAs nut follow a* time 
goe* OA. for example, dapping she bill which is done by standing 
op. opening the hill widely, and elosing it with a loud muse, 
This is frequently done by both birds he ih.u same rime (Fig. tub). 
This can also be observed when albatrosses threaten one another. 
More tiill fencing or display movements may follow, the bird’’ 4 1*iai. 
TOdj raising their bills straight up and oiling- This reminds One of 
the appeasement gesture of boobies that N. Tinbergen (1959) do. 
scribed, Someiimes one bird dappers its bill—stretched forward 
(Fit- ?0c>—and ui this time the partner always preens n» shoulder 
feathers. At Ihe moment the bird stops clacking and raises himself 
sip I tie Other throws up his bill m display, dapping Once loudly, 
these befumor patterns may follow one another in various sequeiuxi. 
At the end of suds j courtship sequence Lhe bird* bout Lo each other. 
pOmting Iheir hills to the ground (Fig, ?0e): while doing this they 
titter two ah liable ljILs. This could be symbolic pointing at the nest 
site. Usually they both sit down and begin preening each other's 
neck feathers (Fig. 7Qfj. After a short snlenal this- entire sequence 
may be repealed. 

Soane mammals take symbolic possesion of the courted female 
bn marking her wiih seems, creating an odor bond. For l-s ampie. 
porcupines (F.e<n!tizo» ifarzatuiy a sonnies {Drayprocm agutiy. and 
maras \Di>iichmh) approach Ihe females on Iheir bind leiA and Spray 
litem willi uiir.,.- hi mil.11 iirir.L’ nr :■ -nor.' c - .nr u 11: J a 11: e ■ pig' 

and rabbits (ref. in t. Eibl-Libesfeldt jJ95Sji. A gesture of comae L 
willingness in females is the special movement (p. 112) prewnline 
the genital region, frcquenlly conspicuously altered Hit partner cun 
alw.i become attached 10 an animal by activating his aggression 
Jtaifist a third, which is ihe case with the inciting behavior of ducks 
tp. IOSJl The "■triumph” culls of geese, which are a greeting gesture 
in the wider sense tp. 129). may have a similar might. 


bubrnssive gestures grueling and Olber 
append rue n; behavior 

Many of the discussed courtship behaviors aie appeasement gestures 
lhat also play an important rok in oLhcr wiualions, Frequently ihe 
lower nf a light appeii-.es Lhe victor by so-called submissive gestures 
1 hat are usually the opposite of threat postures. The marine iguana 
-Tibintcs by prostrating itself before the winner, who then Ceases 
lighting but waits in a threat posilion until the vanquished retreats 
from the area tp 319) The appeasing function of behavior has been 
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shown IP ciniflinthes b>’ P, K Matter l.l9Jb;i AmmaL lh.Lt behave 
subtni'sivil) arc permuted 10 viwn* n> ponspccifUi than those 
«ho show .1 thre,u posture. Some vacahzaitons have appeasing. effects, 
such ys the (neutering (Mtidternl call!' of polecat* (p, 93 k and (lie 
■a|Lulling of young rat* If on*; ral bite* .a non her too hard during 
plav. |in- biiier wall v.-fUL-a I ujvih which the: former will gently groom 
ils f(ii M.my poiteoputaLory display* of bird* can be- interpreted a* 
appeasement ceremonies. and many, but not all, greeting ceremonies 
lty.ee this luaction. In general, contact between conspecificv fre¬ 
quently of different seses, is erublislteti and inaiiiLainud by greeting 
ceremonies. 

When Lhe flightless cormorant Juirrtsi) returns lo 

its: nest and matt, it will bring a 2 ifl of a sea slur or a bundle: of 
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seaweed whkh i> presented to the bird on '.he nest. The Liner oftM 
polls ii away aggressively (Fia. 71 5 . One tan recognize friwn Eh? 
v^hflncnct of (he behavior lhaf aggressiveness is directed toward Lhc 
gift- A simple experiment shows thin [In'. is indeed the case If One 
takes the sift away from a bird retitrnin| to ju r,est, which is pos¬ 
sible because the birds are quite tame, the bird is dm en away from 
the nesl by its male (I. Oibl-EibcsfeldL 1965b). 

The tftaie Sea licwt employs appearing greeting gestures Co keep 
his herd together. If two females light the ruling bull apprtKiches 
.it once and pushes himsetf between the iwev eombalaw* extending 
greeting coward bolb. w htch has j calming: ellect il Eibt.F.ifosfeldt 
lUSJbk 

greet their males by placing tfoir heads over (heir backs 
and dapping Shcii' Mb- This ,,-jn he interpreted as a profiou rived 
turning away of the weapon, because during a chrem ihc up of tfo 
bill points al the ocher bird In principle she head flagging of gulls 
is also a Inming away of Organs used in tithEms Here il is primarily 
a ihrtai segno), whale Jit storks the weapon is demonstratively turned 
■way. This is olso known from other birds. 

In the so-called coniaci species, afore individuals know one 
another well, touching clhe bods serves greeiinsi function. Cats 
gteet by ''preen ting ifo head" 1.0. Ampul us 1934: P. LeyfowseP 
1956.1. Groomine behavior patterns clearly express a readiness for 
social contact, and they frequently evolved into greeting ceremonies. 
W? remember the lemur Irmm umirp: discussed earlier- Accord" 
:ng io J. v. Urw-ieh-OftOdill il96i, I9 uS| chimpanzees have seven! 
erecting gestures. Thev embrace one another and kbs with a tovviv 
ine of Lips when they meet someone Ihey trow (p 196), The embrace 
can probably be derived from infantile elavpmg, which now serves 
ihe function of maintaining group cohesion,. The gesture calms both 
aisimaK. ■Gocdyll reports chaL even large mates, when frightened, 
clasp young chimpanzees and calm down as a result. Another op* 
peasing greeting behavior is the serial presenting of females [Fig. 
7 . 23 -e), whereby the erecting animal turns Us pottrfMt toward the 
other, a behavior found in baboons and Other apes. 

Males also use ibis originally female behavior (p. 112>. (."him" 
panzees a bo >bafo hands the way people do, The initiative i- taken 
by the lower* ranking animal, w ho reaches toward Che Higher*ran king 
animal with the hand palm op in a kind of fogging gesture i Fie. 
TJ), Jn response to this gesture, probably derived from the infantile 
search for eon Met tp. 346 h she higher-ranking animal gives his hand, 
which in turn e:tlrr.* the oilier. Lower-rueking animals solicit approval 
in this was from higher-ranking members when they atteiiLpi to 
obtain food at a common feeding place. I foy also how when ereei- 
iftg others (J. Goodall 196$). The very aggressive cichlids {Trv- 
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/j^jffjs ranwrrk vihifcJi live in group*. appease uihejx by presenting j 
scltow band \i Llit artacker. which is also shown during spawning 
coufLing {W. Wicfckr I965e: sec also Fig. U). 

Inlrmlin^ enough, some ^reeling acsLures cun also contain 
dement of ihreal behavior. According 10 I;. Ttuitlkr (1959). this is 
true foe the "greeting face" of horsus. opening ihe mouth and 
exposing the comers of the moulh are clearly aggressive. But Ibis 
is "eweled iHir“ by also raising ihe ears (fig T$|. (he facial 
expression of a marc in citrous |Rossigkcitsgcuchl) originated out 
of the mimic expression of threat. Hedirecled threat movements can 
be observed in graying geese, which threaten with outstretched necks 
past one a not her as i! they were confronting ii common enemy 
i.K. LorcrU 1963a). The Triumph Ceremony “ tTriumphgeu:hr<.T| 
plays ,l special role during pair formation The male at first makes 
sham attacks toward objects that are normally avoided Following 
such an allack he ’Triumphantly" returns to his intended male and 
ihnraccns beyond lief (T ig. 7b). 3i she joins the ,_ i riuitipTi ceremony," 
a defensive alliance lias been formed, w hich is a prerequisite for the 
successful rearing of a brood (K. Lorenz 1943). This behavior 
continue* to matnUrm the pair bond by functioning as o greeimg 
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ceremony. Tlnr neck movemenia at n greeting gtxise truse (he hh? 
form as the 1 ihreai movement and undoubtedly were derived from Lt. 
f hi- ‘e-ad; ling,’* (Khnstretit) of the "triumph ceremony’' ha* developed 
from (he eoni-Stt call of the young: [H. Fischer 3%S.|. Fw ihts reason 
and b' (he orientation of (he threatening neck posture past (he 
other, this gesture becomes neutralised. similarly to (he threat expres¬ 
sions of hones, which become “greeting faces'' by (lie erection of 
ihe ears Although ihe "triumph ceremony" of the graying g«vc «s 
undoubtedly derived pH pan from aggressive behavior pattern 1 ,, it 
has its ^mrt motivation that is independent of aggrtStiOn (El Fischer 
1%5). I he "rSbrab" palavcT of ducks, ni well a* the greeting cere¬ 
mony of (he female bullfinch, still Contains much aggression to this 
day [K. Loren? l'J4k J. Nicolai 19S6>. 

tWo threat (KHhtKi, ihe uprighL and forward, arc a pad of the 
greeting ceremoBi) of Ihe mated black-headed gull pair [Fig. ?7). 
At first these postures have ;i distinctively aggressive function The 
female is ,H Lacked -is an intruder and chased off. Soon Hu* picLufc 
changes:, she i- allowed to remain, although heconlinuw to threaten, 
hut now with a new oriental ion When alighting. he greets with the 
-lone call”: she approaches with her neck sireichcd forward, and he 
reacts likewise. Finally, they no longer point at each olher. but stand 
parallel, omilar to geese during the ’ triumph ceremony." fliis ritual 
is. reduced to a bare minimum as Ihe birds gel 10 know- each other 
heticr (O. Manley I960}. 

In rhesus monkeys, ihe mounting by the mates of 01 hers of tlic 
same ses does not only mean aggressive threat or assertion of rank 
but is an t'KpPWSOrt of an accepted order within the group, strength¬ 
ening the htind between the two individuals. The higher-fan king 
animal usually mourns nrsl. hul is frequently mounted in turn by the 
lower-ranking one. C. B. Koford (I'MiJa) Compares Lhis kind of greet¬ 
ing with a military salute 

In the raven, the ceremony of mutual feeding between members 
of a pair becomes increasingly more superficial (p. HO). India My 
both partner, actually feed one another: fi(tally this is done only 
fiiiets, eoitsisiing mostly of a hTief grasping Of the bill. Tins has been 
interpreted as an Ontogenetic riiiwliration but does not seem GO be 
correct in my opinion For this to be true one would have to 
demonstrate ihut better oommunicalacm is achieved by simplifying 
ihe behavior that is. that Ihe signal has become more underfland- 
abte and effective This kind ut luualifttiion does, not seem h> haw 
incurred in ihis case, instead it appears as if (he ceremony Jus 
become more superficial- deritualited perhaps because the animal* 
know one another better and Ihe need to appease aggressive behavior 
Euis diminished. 

E'hc smile of ni;m i» an important hullcr -against aggression. A 
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smile tun be (Jisafinmg. and reports from warfromi eowakn example* 
of A*™- afjKsaon may h< inhibited by a smile I see p ICH). Ei'L-r\ 
lra | .c[?r has experienced the release of icnfpQfl beluecm hv 

.1 smile People usually smile politely svhen making a refusal lo 
lomcone. and (hey smile when excusing ihemseK*«, However. a 
sirnli nol only jnh.ituii the aggression oi .me I'her peiww. il also 
rie^uerulv beings abom ,i friendly j-eply Infants smile. and like. 
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increases ibe bund with the pafenis, In adults a- smite will hutld a 
bridge to rural strangers. and people smile Jl each other when 
(II Minn as welt as during friendly creel inf ipp. 431, 41?-422b 

A smile frequently changes into liigghmg, whids in some ways 
tan he seer ns an increased level of (he smile. hut no! exclusively so. 
People will open the mouth and make rhythmic sounds. J. A Am¬ 
brose (L963) interprets smiling -i> an jinhivatcriL behavior I hat is 
derived from Ihe simultaneously present teiideneies of turning to and 
i urn me, away from someone, Light tickling releases lurmng toward 
m human habits, and strong Lickling releases mruing away. This is 
iilso irue for olher stimuli, sgcJi us sodden surprise, booh calling, 
and so on. which have io he presented* in jusL Ihe right mi-ensiiy and 
frequency if they art to he- successI"u3 in releasing laughter m a child. 
Ambrose secs certain similarities between smiling and crying—a 
rejecting gesLurc K. Loren/ I I’Jbaal inrerpreis laughing as ,i growing 
ceremony derived from a threat movement. a view made plaussb-Je 
by the exposure of the teeth. S, iolwig t IDMl interprets ii as ritual¬ 
ized hiring (a playful intention to bite). Ft is quite pertain that ihere 
is some aggression invoked in laughing The rbyihmie vocalizations 
remind one of similar wsurnis made by primate groups when they 
ihrcalen In u niton against an enemy. Such a combined threatening 
unites the members of a group, and il has been observed during 
investigations of laughing behavior that a strong bond is established 
between members of a group in a similar way. Outsiders of such j 
croup arc quite uncomfortable in Ihe presence of such laughter, 
especially when this has the character of "‘laughing at,“ when il is 
definitely aggressive and challenging, in Us original form laughing 
seems to unite ogwfnjl a third p,ifly in the smile, however, the ag- 
gressive compement [ibe sound utterance) is lacking. U furthermore 
mud be emphasized rli.i l the haring of teeth -which strengthens 
the idco ihui there might be a phylogenetic connection between 
smiling and threat behavior—differs markedly from ihe teeth expo¬ 
sure during furor. In furor the corners of ibe mouth .ire opened 
and drawn downwards tp. 422). In some primates (Oelada baboon] 
ibis leads to tile full exposure of the upper eanines. During a smile 
only Ihe from (cclh are exposed, and these are used in social groom¬ 
ing and plsv It is more plausihlc to assume that these -HX'l.il siLua- 
duns gave origin to ihe smile os a friendly showing of leeth 

A large number of greeting ceremonies m man have their func- 
lionut analogies in animals, which verve in ihe establishment and 
maintena nce of a bond between individua ls who arc acquainted m ilh 
one another, I he reader may convince himself of their appeasing 
iunsiiori hv nut greeting his closest relatives ,md friends for sine 
week. If is surprising to Sind out how quickly aggression that is not 
buffered by these appeasing gestures, is Lurried against him. HumuP 
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greeting ^cnum md ade. twc^-itSir^ lhe smile, gestures erf -,vmbolic 
submission People how or nod their heads, in Europe in the same 
wav as in Japan. One hares 4he head and r«et»cw<.% weapons. Hm- 
demonstrating 1 rn>t by jiving up one's protection. 

the grading wilh the ruined, open nghl hand is «idespread. The 
{.■Jioni Pen erf Lhe Great Niftvbae island in (he Indian Ocean, who 
had had no wnlad with Europeans, greeted os wjIh ibis gesture in 
(he SI live way «re the Kiir-iiiiojong tribesmen m F.ivi AfpiM fp. *5(4. 

Sometimes weapons arc used in greeting. 1 hyv ,05 dfrtWrtstfi- 
Lively turned away, to a position which is not dangerous, a', when 
presenting anus When someone creels us with a speut he does nor 
punt lls up against our CthStadh 'fhe crer-prevent cultural differ¬ 
ences do not affect the basic principles, Greeting cere bionics base 
become changed in characteristic fashion depending on rank ansi se*. 
a problem that needs sliil further in vest Seat ion 

Quite oilcn presents ,nt given and this seem', especially appro¬ 
priate if one enters another's territory, such as a girt erf flowers 
when we visit someone’s apartment or house. This seems to require 
stronger, more Gleet ivc gestures, If this formality 1 - Omilled in 
cultures, where ji is customary, (he omission is interpreted sis impm 
lite and Lhe uniippeascd aggres.jU.in is experienced as annoyance. 

In man threat gestures were KUttetifflW changed irtKi greetings. 
As tn the inciting of lhe duel tp, lWih smiling in its original /wrctroir 
scents to hg a ctntlTnOp and thus uni line ihrg.st against ari enemy 
(p. IH9.I. One demonstrates the willingness 1o attack: together. The 
erecting with a raised fist is another example. The uniting function 
of communal threats becomes obvious in all military parades. 

Finally, we must include under the heading of greeting the 
funnti'lf. which also need' further investiguiiriii. Its fttnciitun seems 10 
He in the strengthen in 2 of lhe bond for the future. Another cotn- 
ptmcnl may possibly play a par: If owe departs from another person 
there ex ids the potential danger that aggression, hitherto inhibited, 
could betsonif released. A person who leaves the room backward 
and bowing continuously is probably afraid as well, We liud a 
Ainiliftnul parallel Cu this ■■■ many of (he Ci'mpjtc.ned “poslcopulatory'' 
display- in mam Ends, where besides elements erf display we find 
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many behavior patients of appeasement (Kig. ?Ky Awtding m O. 
Meinioth (I9H> cider Uudts lend 1« iconic aggressive foiluwing 
i.v.piil.iiiiWi. Aggression, which uitril (hen was supprcwd by the sexual 
JtU has probably become released (see j3so p, H 2*1 and needs (o 
he appeased, if Che pair bund is nnc to be ciidaugi:red. 

Srgmals (hai establish and maintain correct 

Animals wiitiin a |nop frequently majncaini vocal coniad. for «- 
antple. members of a jackdaw or bearded titmouse fleck, a# do male 
iiiid kin,ile of many specie? t'Ji.ii .ire mated, as well as the ,maternal 
family or l he squirrel- These calls, winch serve lo main Lai a cohesion 

of groups, aft called ttmlarl nj th. M :ir1j .sn i hi ;d- I?jtbi to recognize 
the voice of their partner individually. We already listed ravens and 
shams thrushes. Sea Lions and sheep recognize Ih e calls of Lheir young 
individually, and only this individual familiarity keeps them together. 
Sea Irons attack young other than their own 43. t-libL-Eihesfeldc 
IdJSbf. Young guillemots (Urkf tMfge] recofnaze lheir parents by 
their voice. They road only to Ihe call notes and not to other 
vocalizations of Ihe parents. The call notes of other parent birds had 
no eflcct (Sn Lhe yotiiig. The parent? respond with calk to the Vfical- 
iElions of i he young while il is siiN in the egg. Whether or nm they 
also recognize the young at this stage could not be determined 
because they recognize Ihe individual egg and no longer accept 
Grange eggs (ft. Tschanz 1965. 196S). 

Sonic brfdi have developed alternating or duet songs, which 
main lain the pair bond. This is found in saute Australian honcVcateK 
( McliphagtMK] and some African shrikes, in the honey eater [Aean- 
ihagem's rttfogtiterii}, hoih ntemhers of a pair sal nest to one another: 
one sings the strophe, and as soon us it ends, the other continues. 
Other species sing lheir duets at ihe same lime and in surprising 
synchrony. The highest level of development is reached in the duels 
of antiphon*) *ong> Of African shrikes. In tMmariux inih/npirui both 
birds have one song which each is ,jbk to sing alone Member? of 
a I'l.iir. however, sing frequently only to etna in parts of a strophe in 
alternation, but so perfectly adjusted to one another Lhat one does 
■lot icOognirc at ihicl* that two bird? sing one nielods. These ducts are 
found primarily in birds that Jive in dense forests Ok. Emmclmann 
I%1; w u, Thorpe and M. L. W. North 3965k 1 I here eeiscs then 
one group of summon signal' that keep a group of unuOals together 
but ilj.it does not presuppose individual recognition, and another 
grviup that depends on iC this also holds for olfactory signals which 
an nuiny mammal* serve as cues that maintain group cohesion. 

1 rn cfMivWiyiix*. duel in its* gm TuteftypnofitiS. ■ mcrogwTKMJt j 

■&«■(! ir-*i floes '■<■1 t-S *>3 in ffj* cor.; twifc .H. A‘tv«hi ontf W. UfcMar ! 9 6-B > 
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Norway fats. bee*. and many other gregarimts rminniib fWogfliM ''Fie 
another by odors common to ihc group or his e. wirhoul, ian-wever, 
recognizing one another Individually ■Ip 351 K Sea. lions, lus ilic roher 
hand, ftttibgh&i: each Other individually 

If a group is to he kept together. il is advantageous that its 
aiu-mbers tlo ihc same things at the saiare lime, A flock or birds 
could newer keep logelher if each bird did something dilt'trtni, one 
would deep. another cai, and 01 hen. mighl waul to fly. We can often 
observe rhai feeding is comagtous: If one turd eats. others. Folk™. 
Frequently specific Expressive movements lute evoked which fa- 
dlilale 1 he synehroilkalidn of moods Graying geese ready to ITj off 
begin to walk, shake their heads wnh stretched'CutE neck. and tall, 
If some members of a flock begin with this activity. others fnlBow, 
and within a abort lime. they all leave together. In man yawning 
seems 10 have a similar contagious effect it makes everyone sleepy. 

[Jits was described among others by K. v- Steinem who was 
I he ' r -,i hurnpean w come into eonuci with th e iJakairi of Ccntta I 

ttfasihn. 

If 1hn> seemed la hnvo had enough at all the lalk, the*' fc-egan CD yawn 
umatsashedtY a"d vflKhixjl pt'aCirig I tie 11 funds Oftfare tf'eu irauM's, Tnal t-’ie 
pseasaor reTfcv was eootigiou* etHrtJ wet be dan*ed. One j?i« the ome? geu 
no and l*ti uni'l J tetngmerl wiffi m»- dvjour -.K. ■otn ii^n Seamen i&!K. new 
ad. 191 7; I &3l. 

The maintenance of contact is olso achieved by all those signals 
whitvh attract a conspecilic to Sice, such j» the conspicuous spot on 
the rear end of deer and a Metopes 

Conim u nicttiion ttlmui the external environment 

Warning and distress calls 

Many warning calls have evolved which alert con sped ires about the 
presence of a predator The ground squirrel | Ciltitm ateffttf) and 
■he nunnot ( mannatu) utter a Call before llpcing from .1 
predator, and Many birds do the same. It has been shown to he an 
effective warning to con specifics. 

Chicks fall silent while Mill in the egg and cease scratching 
movements when they bear the warning call of chickens iE ftacurlier 
l-jss 1, hui hearing gull chicks eagerly respond prior co hatching el> 
all calf* front Ihc outside, including Lhe gulfs own distress call (F 
Goethe I'SJJ.j. T he shacks of some waiting turds fSoolripueidne] also 
do not know- ihc meaning of ihc alarm call and niuvl Mrs I learn to 
associate it with lhe silhouette of lhe acriat predator (O- v Frisch 
t95a>. 

Gregarious aquatic animals warn COnspetilks chemically by alarm 
lubsiaiKv" For example, if tlie sntiil myicatit pcrceivi.--, 
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the body juke of an injured cotupedtic. ii wdl b#ij ilself m lhe mud 
(W KcmpcrtdorlT 1^421- Minnows ind many other ■-■_■ h lh.>] ir'i^ fishirs.rte^ 7 
when thev piercotf j substance that is released from iIn.- stir of in¬ 
jured eonspecifira t K. v. Frisch 1941: W Pfeiffer I9W1. IWT F. 
Sfhpp I ^5*3, .11 is iru* liii tadpoles of lhe com mon mad i [Bufo tntfo) 
that move about in sw^rnu (I- Eibl-Fibesfeldt 1949: E. Kulzcr 1954 1 
The death ci v of many animals may ho analogous 10 ihese warding 
signals and brine about an asstKialion wilh the dangerous siluaLian. 
Systematic studies are not available to my knowledge, 1 h,ne per¬ 
sonally caujehl many rats, one after another, in imps of the type 
ih.it. when tripped, breaks the rat's hack. The animals stepped on 
the trigger and even ate from the dead conspedfks-. tmlil one rat 
was merely Injured and -did not die at cnee From that lime on, no 
more rats were taught fl- EpW-E ibesfeldt tW3b) 

Often :i nim.i-s rcatt io the distress ljII of a conspccilie Lhal has 
been caught by an enemy. Many apes and monkeys who know their 
keeper well will attack blindly when a eon sped lie. after bemc grasped 
hy Lhe keeper, tails (W Kohler 1921: 5 Zuckc revi nn 1 This 
happens sn automatically 1ha! for example. terns will some to ihc 
aid of a si range eftkk. which they will then attack themselves |K. S. 
Lruhlcy ] 9 l 5 >. 

languagfl- of Ixros 

We know from the pioneering and careful investigations of K, v, 
Frisch (last summary of Ihis work in ihai honeybees onniimiui- 
vale the direction and distance of a food source to (hear fellow hive 
members by means of special dance* 

The returning forager bee bee ini to dance on lhe comb in a very 
specadLe manner. When the feeding place is near lhe bin;, the bee 
performs a round dance which contains no directional informal ism. 
New foragers become a tanned by ihis dance a rtd Lhen searc h around 
ibe hive in ill directions. searehang for lhe odor which lhe dancer 
brought hack from the food source. When lhe food source U 
more than 25 meters away from lhe hk. the bee waggle dances, 
l agging her abdomen, she runs slough i for a short distance while 
.iLveiuu.iiiiie. this waggingdistance with a rasping sound prodtitd wilh 
her wings. Then she turns 1o one side and reLurns to the original 
position h(ii without w agging. Jibe theu repeats the wagging dance 
oner she same rout* bus Lurns to the other side to return again to the 
point of origin, and so on (fig 79 j, A number of bec-s In the hite he- 
mr fkc-ited hv this da no? and follow the dancer. They perceive (he 
odor of the blossoms visited hy the forager anil lhey learn in which 
distune* and direction they have to search. If the food sourer is 
close to the hue. then the straight wagging run is short, and the 
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waggidg dances follow '.hil- anoiher mor< rapidly This ciuhki ihe* 
bees Ho compute the distance to tin- feeding plate. An experienced 
observer can do Ihis wiih a stopwateh. 

Wind velocity and direction are also r<llectvd in the dancing 
rhythm. When head winds prevail the bees dance nnire My; thus 
they report a greater distance. Ihcy do this aim when they have 
CIliw- ri to (he food up j steep slope. Tints the dance docs rot indicate 
either aciu-.il distance or the flight time bur refers it? ihe expended 
energy llliU ih«? be« rewire 10 reach their goal. This information 
is passed on by the j mourn of Lime (hey wag. which emphasised 
by (he rasping sounds men Honed above. 

More recent inveMigalicins by H ifsch (l%7,i indicole that these 
sounds are of nitwe importance tho* had heen assumed earlier, 
Sometimes returning foragers dance on Ihe comb without making 
sounds, Esch observed 15,000 of these dances, ind in no instance 
did i his silent dance lead other bees to (he food sou toe. 

The direction is given by reference ui ihe position oF the sun, 
If a bee dances in front of die hive, which rarely occurs, dim the 
method of transmission of information can be observed. Ihe straight 
line of ihe wagging, danee runs m ihe same angle to the sun which tihe 
bee maintained on the straight-line course to the food source 
{Tag, SO], The bee also docs this w hen the combs, of the hive are in 
a horiwmial position and when they can see (he sun. Then ihe 
straieht portion of lhe traversed path leads also directly toward 
Lhe largeL. If onceovers the sun the bees become disoriented and the 
alarmed new foragers land the feeding place only by chance. When 
v. Frisch placed (our odor plutp, in all four compass directions, then 
they were visited equally often hy the newcomers in this (xptrittKdi. 
However, when Lhe foragers danced in the sun light on the horizontal 
combs (hey could indicate the direction and (he new foragers visited 
one of lhe odor plaits in preference over the others. Normally ihe 
bee dances; iin vertical combs within the dark hive. In (his cjm. (he 
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angle so ihc- sun b translated into an angle wish rcspccl to gravity 
I l it: hli. If lh« IctJinji pliiirc lien m lk dirtc'lion of Hip sun, the 
straight of the ■**■1 l: cs.i(n.|j. dance points straight up. IFlhe location 
i- S0‘ kll of the sun. the dance defled* 50' From the vertical 

to (lie left, 3i the food WHifec is a*'4y fr»j« the sun, the vi'aggjoji: 
JaiteL- is tfceeuied straight down. This ability to transpose is also 
shown by the dung beetle, w hich Jots not dance. IF allow cJ to walk 
on a plane, <( will maintnin a certain angle 10 iin urtiAciil iijht 
source, If one then Taiscs ihc pUinc into a vertical pcmirLori iintl 
i 15^1 ULIn;itcs ibe afSa fnim above with ddlu.se light* ibe hectic Irani- 
poses iht angle of ihe direction he was running; before with respect 
to gravity just as the 'bets. (£j, Binikow I9S>3}. It is not known oF 
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vk-ltiiL iisc chi> ability is id iht dun;* beetle. Otlivr insects also show 
this capacity to Iraniposr, 

Arses, ,iUu transpose she dbpfiM’nal angle (o (lie fight source into 
ni angle with respect jo gravily when rhe hnfivonlal experimental 
table is tipped vertically and ihe light is turned off at the unic tittle. 
Howtvft, ants aft not as precise as, dung beetles or bees If Ibe 
angle of direction was 2C1 1 to ehc right of the sun, they wilt niaiiiijin 
2ET to Ihe perpendicular line, but ii may be either 1o the right or 
Lhc left, and they may walk up or down with respeei W gravity The 
lady bug. which equates the direction to Ihe light with a vertical up 
direction may. however, deviate ri|ht or left: the dung beetle trans¬ 
poses in (he manner of’ she bee except that the direction tow-aid the 
light cniiuiJes with a downward directiun. (1. Hirukuw 1 195-iSl at* 
Lemptcd to cvpi.ilit these phenomena An Integra limn of light and 
gravity orientation can be found in bumblebees. When ihey lease 
then htve. Ihey are positive]}' pbotcUactic in respect lo their orienta¬ 
tion it> the sun. If one plates them on a terticul plane in Ihe dart 
when they are on their way ro lease the his e, Uses will go upward. 
Ihe same way they would wilhm their daTfc nest in the ground when 
they were ready to leave, On the other hand, they are itcgnlively 
photoiuetk on the return flight and crawl into darkness. If placeJ 
on a vertical plane in darkness they move downward, On Ihe ground 
they will iind their way to their nest in this way {U- h. Jacobs- 
Jesse it 195Sjc 

If ihe bres were to indicate (be angle to the sun when they leave 
ihe hive, lbiv would ulumaiets lead m i/ttorn, hccau'e the position 
ui the sun changes anJ w ith il tJic .n»rli: to ihe sun, although in a 
lawful manner, v. Frisch's experiments have shown I hat the bees 
take (his movement of the sun into account. although it is nOl known 
how they accomplish this, A prerequisite fur this ability is that a 
bee experiences this movement of the sun ticfscll. and Iroan this ihct 
team what is necessary. Ekes that had seen the move mint of the 
sun for only a few afternoons in their lives, spending lhc remaining 
time in the hive in .1 dark bnsemtflt. acquired ihe knowledge about 
ihe daily course of the sun. If they were subsequently lesLed in the 
room ins during daylight, they did not make crrtws in the direction 
in. which ihey had been trained 

When making detours bee* indicate the distance in a straight 
line, bul they also communicate the Length of the detour. Dancing 
is innate in bees, ansi there ate several dialect* The Egyptian honey¬ 
bee begins waggtng dances when the food is more than ILt meters 
from (be hivet the Kramer race onb beyond SO to 100 meters. The 
latter also has ihe fastest wagging dance 

D. L. Johnson (1^1't and A. il. Wetnttr i |9fi7|i recenilv pro¬ 
posed I hat bees are able to communicate direction and distance of 
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.1 goal by mean* or the dance. but 1 hiat 1 h>iv is not of uny tew to olher 
worker 'bctfv. i'hefo ?ue interested in the duNCeo hut do noi milixe 
Ihi'ir information- Instead. the odor* of food. ho u, and oilier bees 
i-, ’.-i id io Laid them in finding their goals. 

Those statements cannot be brought into agreement wiih (he 
experiment* we have discussed» far- During the ttefour experiments 
teianning foragers danced in a straight line to Lhe food source, and 
the recruited bees fllcw in a sliaighl line toward I he goal and O^er 
the obstacle*. while the previous fofagcrs made Lhe detmtr. Thus it 
r idaulttitabk that the recruits could have followed on odor trail. 

If one now raises Ihe queslion as 1o how Johnson and Wcnnei 
could come to their different opinions, one discovers several errors 
of experimental design which the authors overlooked. K. v. Frisch set 
up his Fan espcnmenLs in Such a manner that he trained marked 
bee* to a food source 250 meters Irani the hive. The Food source 
consisted of a weak sugar solution, which did not result in much 
dancing in the hive and which only barely excited other hecs During 
the actual iests seven odor plates were placed IV apart at u dis¬ 
tance of 200 meters bul without food AI the wimc time I be original 
Feeding place was marked with the same odor as that on the other 
odor plates, and a strong sugar solution was ottered. News ihe 
trained bees danced and! the number of new recruits on the various 
odor plates indicated in which direction ihe recruiters were searching. 
The number oF arrivals at the food sourcc was not counted, because 
the marked bees also made use of Ihe it odor glands, which are aft 
additional attract ant. 

Johnson pet Formed similar ev ptrrimem s, but he then added a 
‘control L-isperi men t.” To create identical conditions at all Iwalion* 
he placed .mother bee hive containing light-colored bees :i(M w 
the first hive, These lighter bees s igned three kfccnrions that were closer 
iir ihe hive, while (be darker bee* tvsniinued ro s issi the food source 
more disUini (fwn ihe have, but which was located on an extension 
of [be central of the three but closer feeding, places. Only marked 
bets of both hives were- fed: other arrival* were killed until the 
actual, If si s began Johnson began oounting roefuiE* frorfi a certain 
time on. \»vn« wmtld hase predicted from the finding* of K v. Ffiich, 
i he reef killed dark bees preferably visited the senrral feeding sta- 
liodts. Alas, they did so even when Johnson shifted iheir feeding 
place to lhe norih again im an estChsion of one of (he cIosct feeding 
place*. From this Undine he concluded that the bent were not guided 
by rhe donee but merely visited the geometric center of alt the 
feeding ■vialions. However, during, the experiment a vmmg southeast 
wind prevailed. oiid because the bees On the nearer hive used them 
odor glands, the bees on their way to the northern food location 
were detracted by the more mtense odor reaching them From Ihe 
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Miuilkejii feeding place. Just such deLraeurtj tR^At hsd ^V(3<ly berri 
described by v. Frisch. an«l Johnson might have avoided I hi* error 
by a more careful reading of the literature. Funhemiore, Johnson 
levied in only three dirnliw, while v, F r rireh cohered a much larger 
area with seven odor plates.. He also levied bees, over greater dis- 
lances t 600 and 1250 meters!. 

Winner’s experiments are jusl as uncritical as are rhvoe of John¬ 
son. He led bees, using Frisch's gradicnl“es,pcrimcrI procedure. 
400 nailers from the hiivc. 'flu nearest and farthest feeding, places 
(200. 30ft. and 500 meMrsl were visild by only a lew" new bees. At 
Use original food wsuree ?4 percent <af all new bees arrived, although 
all feeding places were supplied equally well with food. Then Wen- 
tier placed a noth ir hive with lighter bee* directly ttoflh of the line 
of flight and fed one group each of these bees ai location* 200 and 
300 meters, while the trained dark bees continued to lly to the 
400-meter location. The recruits of the darker bees no longer 
responded in accordance with the drslance message received from 
i he trained bee*. - nice IS perrtm alighted ai the 200-meter place. 
4$ percent ai ihc jUtl-oiierer place of the light bees, and only 
33 percent arrived j< the 400-meLL-r food v.mctt of lUilic own bees. 
One percenl visited die feeding place at 500 meters. These results 
COUld £tbt> be predicted 00 the basic of v, Frisch's experiments, In 
a strong wind, as prevailed during Winner's. experiments. bees lly 
■Jose to the ground Under these conditions many of I hem become 
allracled 1o I he closer food sources where ihc learned odbf and the 
scdor secretions of oih-tr bees attract them (k t. Frisch I'ibSy 

Observations of other insects hint at likely ways along which 
dancing might have evolved V t> Del hie; (1957) fed sugar to blow- 
llicv I f-hi/rtnii.- rrifi/Tu). If he withheld it from them, tliev prrJ,.-, ruied a 
kind of round dance, running in circles to the right and left. They 
also dud this when they were Lakcn 10 another location, They 
"danced" more rapidly when the sugar soldi ion w»s oi higher eon- 
centratJon. t hew dances were oriented in respect to light and graa Lry. 
The flies approached the light source and ran up and down on a 
vertical plane, without, however, indicating direction 

There flies also regurgitate food vihen they meet another fly, and 
the latter then begins to search. The “danee" here is always a 
searching, but one can imagine (hat the "round dance'" of the bees 
might have evolved from such initial stages, Lhat is. hIi.il it is a 
ritualised searching lhat stimulates others to rearch also, With 
uncreasing delays. Ihc searching behavior of the fly decreases i n 
intensity. 

A parallel to the wjgglc dance Was discovered bx A, D. Blest 
(l%0} in some New World salurnid molhs. There moths shake i|a«ir 
Kdiv niter landing !■’, :illernjtel\ luiidii ;- .■ r.-.l 'Ir.ci'lilemiig lltuii 


fi£LEA5.£R5 


(eg*. ! Ise duration uf this shaking iU iic^e l> with ihe- length 

Lhf lllgll! IlIIK. 

A ’.imilitr physiological mechanism may have I»l* possessed by 
ske aiKKstcus «jif bees and which could then have become useful m 
indicating distance. The indication of direction can be interpreted as 
derived from an intenliou movement of %i«g toward the feeding 
place. Thu interpretation is probable when w? consider rhe be- 
luv ior of primitive hcei. The siingksA hee Tri^erta posika leads 
her fellow Iilvu members. On the way home she marks various 
landmarks with secretions of her mandibular glands. L'pon returning 
Lc (he hive runs about on the comb with llullcring wines and 
humps other bees. She dispenses food samples and when a number 
t>f bees have gulhered around she flics ndT along, the odor-marked 
trail that she prepared earlier (\l. Lindaucr L%l). This leading 
behavior is slioriered in the snore advanced stmgless bee species. 
Several species of the genus MdipmQ perform a kind of Morse 
code on the comb to indicate distance,: Short hursts of sound indi¬ 
cate dose goals: lunger bursts signal larger distances (H. Eseh IW|. 
1 hey i-idiea.se the direction bv Hying toward the goal first In a 
xigzag course and Ihen in a straight line. After repeated indications 
of direction in this way, some worker bees fly oil'in (he Mime direc¬ 
tion,. as if they had understood the message- The dwarf honeybee 
(dpi 1 , /brer j) shows .1 complete dance, bat only jo sunlight and 00 a 
horizontal pljuc. Here the wagging dance can be recognised as .1 
repeated intention Mj My ojr This ills with the obsenat ion of (he 
finds of stands made during wagging dances- in the advanced bees. 
In Ibis way it becomes plausible that the waggle dance evolved 
from 11 more general invitation to search to the wagging dance, 
which indicates distance and direction Of a goal. The ability to 
transpose orientations front the sun 10 gravity wav probably present 
:i' a picadaptalion, because il also exists in many insects that do not 
dance. 

The dance language shows some similarities lo human language. 
It is a means of ecmnmunicfttwr beiweeo conspcciftcs. and relations 
between things are communicated, la contrast to human language 
1 lie? system is ,1 stereotyped, innate coding system. Human language 
is also bused on an inborn potential for specific sound production and 
perhaps on Ihe drive ui speak Cp. lUk btil the language symbols 
jtc individually learned and passed on hy tradition Individual experi¬ 
ences can be described by words and passed <m. and ahsirnct 1 funking 
permits enmniiinkalbun about relationships between relationships. 
Ihe bee dance is similar to human language in so far as il is uiw.i 
a symbolic language by which inexperienced individuals acquire 
knowledge without the object in queMion being present. The transfer 
ol knowledge, how ever, is only dune by animals ihul experienced 
the Jut-iiimi of the feeding place in .1 previous Might. Mo bee will 
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com munK.ii Le a, inosjuc juii reoei vcJ by acini Ik r bee in a (h ml 
jiiiiti-.il unlm it hits- veiled ihe fcedjng place. This Lnuuaui: is 
"ramwpiwT in a manner of ■'pvjl.itig |W, Wittier 1967). O. 
Ki>phlLT (IW^. 19S2. 1054b. 1955 3 has, repeated!;, cool memed on 
this subject iiiosi r«xnlty in a review of Lhe work of (‘ p. liOfifcetS 
(L%OK He jireveiiLi- iuLt of Hoefcert's lahlk's amended by him in 
which he eompares sis melhods of comiminkjiiiMi among. nouns!* 
(including bee dances) with human language and instrumental music 
Ibis he dO« in respect to uliieh of 13 vhjnwtcriMic* oF hunion 
language are present or absent. 

Iniraspeciftc threat signals 

By this tdsii we refer In all those behavioral and morphological 
characteristics that serve to reject a conspetiflc. Colorful plumage, 
for example, has this etfecl. K Immctmann (19501 showed thal zebra 
il Relies wiih colorful, plumage maintain a certain distance from one 
an other while all white birds of the same species sit much close; 
together. Many sounds and vocalizations produced by insects and 
vertebrate's, have (bis same function- Many iishex threaten nn? 
aiwiihcr with cm lb. for example, tiehlids (A. A. \lyrhers 19651 and 
danse Ul-, Il i,I. Eibl-EihcifdJt i960at H, Schneider IW3), The ter- 
ritorial sang of birds is well known and is directed against rivals. 
Mate sea-lions roar aL lhe owner of the neighboring territory, Many 
rodents utter ultrasonic Ihreal calls. These are only a feu examples. 
Threatening wnnds may also be produced by other means- Many 
cnonkevx dn ph'% anger by shaking Lhe branches of (heir trees. 

monkeys, In addition, beat against resounding objects, be¬ 
havior thal iseonsidered to be derived from tree shading (b, Kar'-umura 
mil 

Gorillas and sometimes chimpanzees pound theirchests (l 7 se. £2): 
chimpanzee* heal against ’ drumming trees. 1 " and in captivity against 
other resonating objects (0. ft. Schuller 1063: J. CioodaN 1963. 1965: 
It. Crzimek 1954} llunar beings do lhe ‘■-nme- Msctroxmalie animals 
try to imimidate their opponent-. with oddA 
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in special ptniurc-t :miJ move me it is serve lu keep where 

.ii |ii*s. these drten eons is i vi r*tu.ilixcd elements of attack bch>n iiw 
(for example. biting and rush aLLacfci}, Generally 1 tic > h rc.i u;ni iits 
,irti.HUil will make ilselt' larger and more impressive, |imj may display 
its weapons (Figs. S3-SOI- 1 he itninak may raise up bgh and spread 
m-anes, skinfolds, tins .ind leal hers, which frequently l.sIli hi l vun* 
i[hltjuu‘, patterns or colors. On oecisiofi ii is hlc to Ji sting Lush 
.ij|iesd'f from defensive threAft j-Ah ;lggf»spve sepnrrel pults its 
cilft hart :»nJ chatters wiLh its front teeth, hue if cornered and 
defensive. it threatens by raisin □. up its cars, which appear siall larger 
because of lufls tif hair on their tips; ai iht same lime it squeals 
Eibl-Eiibe-vfeMt 1 ^ 57 a; see also I js. & 7 j. Threatening Culls are very 
widespread- Many specif threaten prettiiors in the Same way as 
against eonspccifltfc, for example by displaying, their weapons 
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Signals effective m interspecific coAiirYlursiGEStiOri 

Sigmrk indieaung cotiftid wstiurt'si between species 

Animals belonging to different species often came together to their 
iiviiit.il advantage. Some shrimps {Atphrvz} livo together with gobies 
lhl Lhe sea be Korn, which is hare of all cover. The shrimps Jag a 
hole in which they list- ihegobies, which JonoLdig.profit well from 
Ibis. and in sura warn ific shrimp of approaching danger |W 
Lyther I95S: W. Klausewiu: 1961; s« also p. >00>, Anemone fish 
{AmphipriQn) live m Certain specific anemones without being m- 
lured by their pi'iiMincas iuu,ii let (J. bibl-Hibcsfeldc 1960a; hi Abel 
1 9Mj,i |. In symbiotic relationship* of this ic i nd a problem of comm an i- 
entmn between species exists. This has been investigated in more 
detail in the ''cleaning symbiotes" (I. Eibl-Eibcsfeldl 1955. 1959 |l 
A number oF marine tithes are spcciulists in freeing olher fish 
of panidtts (J, Pibl-r.ibe’ileSdt J9J5a, I^JO; j. F.. Randall i|9^S: (.' 
I'ig, tfSi, This fish entices iis hosis to permit themselves to bo denned 
Llmb-juab 1961). for instance, lhe cleaner risti (J.-abreidcs ttirnktiatuv; 
by means of a signal consisting of a special nod swimming (cleaner 
dance), ft hutLs w ith its snout against their fins or operculae so thaL 
thee spread them, and against I heir mouths so Choi they open (hem. 
so lhat U can gtt inside- While the efeaner fish inspects its host, it 
continuously (ibri Nates wiih iis ventral fins against its body so that iL 
knows at all times where it is being cleaned. It can be dearly seen 
that lhe host reads to this procedure, beCuyse it *R>pv moving the 
Iin* that have been K torched. 


b 
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<>r» ihe other hand. turn fish invite the cleaners Lc? do their job 
by opcitmc- their mouths, and tliev signal thr:n when ti> leave by 
closing Shcrr mouthy half-way ^iib a jerky motion and opening them 
again. The k»ve iht month caMty in whirfi they are cleaning 

following this sienat. Tin; hosL signals tt> ihe hsh cleaning, it on the 
outside its intention to swim on by shaking k* entire body. In this 
vi.is the cleaner aird the lish being cleaned eommunisaic wjih a few 
cxpjftssive movements. The saber-toothed bknny iAspidomus uk- 
ti/niHi) imii Liuj ihc cleaner Fish and sneaks up on us v^tims Ip, ].S| i 
Lt looks tike the cleaner and imitates the mwl-svmsniing behavior in 
all its details, although this style Of swimming is not typical for this 
group of lash. On this way the host is deceived and the mimic biles 
chunks front the tins and gills. 

The honey guide, a bird of Ihe savannahs of Africa south of Ihe 
Sahara ticsec I ilndimttir indi/rafar :i nJ Indictilwr variegatin') leads 
honey badgers and man to bee hi ves which they themselves cannot 
open but on whose honeycombs they feed- They produce conspicuous 
calls. spread their tails when one approaches iliem exposing a white 
pattern, and fly ortf some distance. 

The bee fling movements of young brood parasites such as the 
European cuckoo and the learned begging irtcwtnncnlv of 100 and 
dumesi ica led animals are all directed toward raecnbefs of oilier 
species. 

Threat postures aruf other signals for hunting off 
mrtspedes members 

A large number of Ihrcal postures and gestures. which are often 
similar to those used in inlfaspccrrfc dispuie*, are used w repel 
members of other species. Many animals threaten each other w»Lh 
Ui car weapons. Carnivores show tbeir Icbli: crab* threaten with 
raised, open claws fp. MS}. Specific postures adapted for use against 
predators arc found in many butterfly larvae. The caterpillar of 
fircramma ifnirffl raises Itself up when touched or when the leaf t( 
sits mt vibrates and displays a conspicuous face mask, which if 
touched is mfned coward the stimulus (Hate IV>. \t the same time 
the jnint.il projects two long, red threads, which emanate from the 
last pair of modified legs that are raised into the ain and which are 
turned imo a spiral repeatedly before Ihey are again withdrawn!, 
In general, an animal defending Ltw.li' makes itself larger and more 
(WpktKiiS Some species imitate stronger species (see mimicry, 
p. M 9 y. One category of defensive behavior consists of the so-called 
mobbing reactions wiih which many songbirds attack birds of prey. 
They have special mobbing calls and often make shum attack* from 
all sides agtirtSfl ihe enemy, * Iks usually depans. Jn addition to being 
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hs-ilu- rsontc. ihe atk.mttage seems to be that the detected predator 
m unable to surprise a prey (E. Claris l%3). Some fish species also 
mob pred-alors While diving m [lie waters near the MaleJLve Islands 
I ob>er\ ii\l fusiliers | f’iM.'Sj'tf> which repeitirtlly swam toward a moray 
cel and passed closely overhead mud U disappeared |l tiibl-lsibcv 
fddl 19640 

A 4,’iitritftiim ffiiplyr is lieltir- ior ih in serves in * mislead a pfeda- 
lor. Matiy incubating and brooding birds duller in the ground and 
run away on (he ground limppnt ns tf they w^re injured when a 
mammalian predator appear*- This behavior is a bo shown by (he 
{jalitpugnci Jose. which lives in an environmeiti totally lacking preda¬ 
tory mammals. This behavior seems to be a remnant from those 
times wJien the ancestors of ihis dt^e h;id encounters wdh mam- 
tnalinD predators (I. F.ihl-F-ibcdeldt |9G4|>). 





7 NATURAL MODELS AND 
MIMICRY 


The i[-s of kc) Slimnli permits ishhJcI rriukiru: itut only hy 

the ethologist -Mid the risht-m.il> but also by many an bn ak They, 
toe* are able let mutate specific releasing stiroulr with which to release 
behavior pattern* in others to their own advantage. This is (rue rirsl 
df flit fi>r;i mimbcf of prcdtilisr*. The alligator ssn-ippsng toitle I .Ifaw 
fibijf ftmtmnckii) rests al the hot ton of riser* with Us mouth open; 
the iAside of the ntosith and longue are darkly eolored- At the tip 
of Ibe tongue are two thin. red processes; these are dangled in (he 
water and move hire small worm- They attract lisa. which are caught 
res soon as they begin to nibble at the protuberance*. The large- 
niouthed catfish (Ctsaea ehaca} ha* (wo small mini mg barbels which 
serve the sane function (H Schiller 1956). The anglerfish (.•Ijrfew 
Mfirw-T and r>1 her? | has a movable frst ray on its dm sal tin w hleh 
iia- skin attachments at it* tip that serve a* lures. These animals are 
camouflaged and Cie quietly on the bottom with only Ihcir lurti 
moving (tv Wicfcler 1964 a, ItHiSJck She same author ha* recently 
shown [hat diJterenl specie* of Anglerfish pQSvCS* different lures 
wtiivli are Adapted 10 specific prey animals 4Fig. S9|. 

The snail (JtocrfrKH) is the intermediary host for the sporocyst* 
of the liver tluke [tjrnc&cttl&fitfitnn}. which p.uaiiiice* soiie bird*. 
The sporocysls develop extensions which penetrate inlo (he tentacles 
of the snails and at I rad birds wilh thor pulsating movements. The 
oonspieiiousncss is enhanced hy yellow-green rings And (he slrong 
swelling of the antennae. The bird w deceived by this model of aji 
insect larvae and cab the antenna, including its contents thus be¬ 
coming infested with the parasilc It' Wcsenbcrg-Lund 1939), 
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F^um 39 fop tali: ikcvi ar&Dn i** lull'd |M»rocifc"7|rt h™- 

-n ryr*. I * 1 * 1 ,-^ wUhrEs »"$*; h»WV« II IK*m^MlWtlMlI (Wtfllfl |CiS*rj mfllrig 

■Mh ii thH&ax nSH’5: ih* psjtar **h |FTvyn*IO* if Jtwn UttMig *i-h .rs *orml*.i 
iyri Tho 4 iXM tWv iWtvfcl tv Ihfl |S*ffi on W*ta* it 4 l.niAOMt, but i! YtiQgiM by 
dHl; -tMtafnv ii 0jv<x»Frf'Jfc*i wh^h 1ijh*i pf*-,- fiild*n *1 ih* und widi a Im* ifiai 
M4it downwod. Cffljm W. KV'Cttar, (196 Jaj. M. kxtw 4 JHlal.) 

The -.null swordtail chararin (C^rynopmnr rtiscij from Vent- 
fueLa uiiracEs Lhe female wilh a model of a daphitia »Mrt he wants 
La copulate. The male's gill operculum is rntHliiiesL im* a long csien- 
sion uiilv a dark knob 4U ii* end, which is moved in a irembling 
lUhiOfl htfart the feimak. She hms .icuuliv hue .n n Ik Nelson 
l<W4). The male Lhen Lakes advantage of the closeness of [fie female 
and copula1.es with her (Fig. 90J. 

I emak iineflies of I he gen os Phofunts alir&tl the males of anoihef 
firefly species, HraiitttiS. hv imitating [hem Hashing code. The de- 
nived males arc rhen eaten bs ihe females [J. F. Lloyd I9(i5|i. 

lire dj orchid* of I he D.enu> Opfwyi have a modified lower lip 
on their Ilowvrs which resemble the ftmulcs Of certain wasp species 
as well as Iheir scvaaL odor. When aitempLuig 1o copulate wiLh ihevc 
model*. the pollen slicks to the males and is carried 10 lhe ncsl 
flower if. Seine mover llttO; Ii. KulJenherg IU56; see also | ; ig. 41). 

Ihe African devil's flower Udofton dktboikvm'i. predaiory 
nuiniid. mimics j flower lhal allrjcls intMtt. Betme flies. .ire jl- 
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Figui* 91. <t' •■•■• 4»th«’ Hljo*vs -nier.'-Wi wdi* a «aip Sapp's '"itj-twI ■ « 1 
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Iraeled by other Hies. a purl of the ftotaedike body of the mantid is 
ili)ii^ it> resemble hies sitiiog there—4 laci to which W. WicUti 
1t%7 I C j I led itfeilliCM ( Fig. 91). 

The saber-Loolhed blcnny (AjpfdontNt tmnwHwi looks SO similar 
(a the cleaner hsh {Lsitrvnhs tiirniiliotut) rhji it Lt mistaken for a 
cleaner by other fish and ran apfirOaCh Lhcm easily tsee p. 146 and 
Plate Vi. Ic rushes it them and bices pieces emt of their fins 1.1. 
Jitbl-Kibesfcldl lUS*?) I. E. Kundiill and H. fcU Tindall i lW®i dis. 
covered that ihe mimic even resembles diftirirnrrs in the races cf 
various cleaner Ilsh species. In the Tuoniisius icetoei the cleaner 
has an orance-rcdi color around the middle; so does Pie mimic. tn 
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oiher areas ckiiiH and mimic have a dark stripe ai ihe base of the 
pectoral fins. which ^ «W1 found in member* of these species in 
ocher areas. 

The African cichlids of the genus Haptwhromii arc such highly 
tlevtlD|wJ moulhhreeders that Ihe females lake ibe eggs they have 
ju.M hid pfilO their mouths Wei before ihe male has an opportunity 
no fenili/e ihem However, the male has "‘imitations" of ihe eggs 
on his VMiiral fin. Once ilic female lias taken ihe eggs Lmo her 
moulh. ihe male spreads hi:- central lin before [he female, exposing 
ihe dummy eggs. She tries to take I hem into hex mouth; the male 
mills and in this way ihe eggs already in Jier month become fertilised 
In this l-t, ample of ininr-pevihe mimicry. discovered by Wickler 
t1%?ai. pile eotispeeiliL ts deceived (Plate V“|l 

In Tifapia taacrocAir Ihe female also picks up (he eccs imme¬ 
diately after spawning. Mere the male fertilise* ihe eggs in another 
way, He produces filamenilikc sperm xlophorcs whiich ihe female 
picks up if she linds them; hul many of (hem are lost. Again. 
fertilLzateon is ensured i>irough Ihe existence of Unollitr deceptive 
signal The males possess long. lUamentlike sperm .ilophore models 
thui protrude ftnm the genital region. These arc even stronger 
releasors for ih< females than die act uni spernuLiopJkircs. jnsi as m 
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JVv< rrf.) ilxr EUlAbI ra.li |iyt4u ilH<C>Ij. |<> *t Wl |S« 
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ihe of the dummy eggs. The male pre-<nt* these dummies to 
1 lie female; *h.e takes ihem into her mouth and in this was iK<ivp 
the fpcrmatophiwes which ore between the dummies id Apfclbaeh 
tMTb; tee also Fie. SG|l 

W. Wickler Il96S>bt *‘iii Able Ki explain some release** I hat runt - 
lion in k eeping groups together as examples of intraspeeiflt mimicry. 
In hamadryad baboons sign* of females in estrou* became appea*- 
mg signal* which jfe alu* present in the males. Males have 
strongly vascularized skin areas that are similar to the swollen parts of 
females in eslrou*. btrl in sped Ik insl antes the area* in question arc 
tvi.ic hom(i|t>g<)US Males present their pmitrior 10 other 31011 p mem¬ 
bers m the manner of females. This has definitely an appeasing elTect 
The swelling in these inslances no longer have a sesual "'meaning. 1 " 
W Wiekkr (lU^ie, l^frbbt discovered this same principle in other 
monkeys, also in carnivores and iish, Miles of the spotted hyena 
(Oxwrff]! present tht>r slightly erected penis during each greciing 
encounter with other*. Female* do the same and possess a pseudo- 
penis which Look* deceptively like a real penis Hits makes it almost 
impossible even for a 1 rained observer to disiinguish male*- and 
female* by external signs (see p. I 12), 

The concept of mimicry ffltisl he considerably broadened m line 
Yvith what ha* been *aid *0 far. Slot onlv protective similarities, htit 
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all siniiUmits which involve lhe falsilkaiton of signals. are included 
tW. Wkkkl ! 9 M( 3 l 

A is interest ing eShologiriil example of mimicry is discussed by 
I. Nicolai j|%'s4>. flit widow bird'* (IWhww) art breeding pam- 
■uiii.‘- (if various species of grass fuiehes tEnriidldacl Their young 
JuncK rose mbit lilt hose species wilh respect io plumage' as well 
.in. the gape mitings in (he mewl hi ihai the young are raised by 
[he bosl parenls along with lheir own (Plate Vi), The Viduines *bo 
intitule die courtship song of the hosi species in every detail. Lhtis 
allraeting (heir m*n females 10 the cor reel horn-species pairs (p. 24). 
The larvae of (he i.wn^-hma beetle, as guests of anls (Le/ntchtisa 
trnuTW.™ and Arfrtwf/spitbiccffii). mimic the begging behavior of am 
In-. .-■■• 'i ■.■II us .iliM.ii’..' mlors I hu ■■ dies .ire \J lv. I he husis 
in the manner in which (hey feed their own larvie (ft, HiHIdObler 
I96T) 

Finally, there are many examples of mimicry in iht iraditLoriul 
sense of piUeciite resemblance. Songbirds rha( had an unpleasanl 
experience with wasps will avoid (hem and harmless mimic* as well, 
for example, ihow from the group of Dipicxa and Lepidupiera (see 
Plate ivy Toads learn quickly (o distinguish a mealworm front a 
bee. and henceforth will also avoid nonuts of bees (L, P. brower 
and J v. Kandt-ftrnwer l^l). Sonse mimics of wasps imitate not 
only Lhe appearance but also the buzzing sound of (he poisonous 
model (A. f. <j:■ uL IDJ2). Some species of bad-tasting moths make 
themselves known to bals by warning sounds: They click in a special 
manner when ihev are hil by a burst of sounds rrom n toil. Some 
species ol edible butter 111 i/s also di> this, and (hey art probably 
laitntcs (D. C. Canning l%8). In experiments ba(s avoided edible 
prey when h was presented in conjunction with warning sounds. Il 
I s fascinating to observe Ihul a mimic forms several morphes. thus 
im haling different models (M Twctdit l^bh; see also Plate |Y|. 

The caterpillar of (he ntiHh fMK&nmqtha t/r/mni raises its pos¬ 
terior end, imitates the head of a inuke, and curves its body into an 
S when it is alarmed (Fig. The snake-bead mcrdcl has two eye 
spue on Hs underside which are turned toward (he predator, The 
caterpillar of (he nltxh F4o/w iabmtcar i mi la Us a snake with (he 
anterior and posterior ends. The anterior portion reminds one of 
ibe snake head A small black “longue” which protrudes, from a 
dark-colored area aL the posterior end wiggles like (he longue of a 
snake (E. Curio l%?a}. 

A remarkable instance of behavioral mimicry has been described 
by T. biisert -tud J Mdnw.ild tIsWihK The darkling beeLle it.JeOJtt 
JtHigkflflisl defends itself again si predators by standing on its head 
•Irad spraying an irritating substance drorn (he lip of its abdomen 
Another d.irkline beetle i Megasidii obtfteraia}, which lives in the 
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'..nut devefl rcpon uj Afiiema, imitates Ihr, brhav iW. although il 
does no* have ,1 defensive scfrcikm. 

Mans insects have conspicuous, dark eye spots on i lie if wings 
which Ihey e spose siidtknlv when in danger, Ihcsc palterm. are 
more feared b-y several spicks of songbirds than [uH«rn> Ikit are 
unknown to llvem (A 13. Eilesi IW7). The cum; principle applies to 
s|,e Ehfe&L pnstuic of the spectacled cobra (Afy^k. I he argument 
could be made dial the eye spot on the wings of butterflies which 
are suddenly deposed when dancer appears should not be considered 
unJef the category of mimicry bur arc merely warning, signals which 
present a sudden optical stimulus. This optical stimulus eoutd then 
drive oif Ok predator, independently of a similarly with another 
■.Irus'tufL. E lie observation that songbirds I car "eye spots" more than 
other unknown pnllcrns could be a result of the greater effective¬ 
ness of concentric dicks as a pattern on a given plane. They would 
thus be the strongest stimulus for a mechanism attuned to gestalt per¬ 
ception. There are. however, butterflies whose eye spots also have 
unsyrrmcirknl "felkctiosiis" IM example, CoAgo tnryfuirliui') which 
produce a most deceptive similarity wilh a verlcbraie eye. This is 
perhaps the strongest argument for considering Ihcse splits as ewm* 
pics of mimicry t Plate IVj. An excellent ireamem of these problems, 
which are only outlined here, has recently appeared m W. Wickler 
il«8ah 
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'A I r .1 ■■ i ■ -i^.1 r:in il --;-.iikS s■ ■ .i Airilaius. ihc i l!■_.1 ■-i.i:■ Mimn 

so aalion is frequently V : ■■ .<:■' K-s.uise ilv .m.mal then Lu mp into 
,i mm position m which additional 'Iniluli hevuuic cftbcLi s c. We 
know, for example, thu( a lure is visually attracted to a piece of 
colored paper, but rarely win she alight on it, On deter approach 
she knows [font odor cues that no nectar will he found here. If an 
appropriate odor is added she u»|| land arid continue to search 
Other stimuli then are needed la release Hie sucking rmtvcmenis. 
The bce-h liming digger ■naisj) {PhiltmiLi triangahml) llics from flower 
lo fewer in search of bees and reacts first only optically to moving 
objects, including small flics, upon which they do not prey If Che 
wasp perceives a moving object tt pusilions itself leeward from it at 
distance of aboul Id to 15 cut in Lhe .in and tests the wind. If the 
appropriate ridti? is present — such as a mode! with bee odor-Ihc 
attack is made. However, the wasp only siings if a real hee is 
proem T|i|s reaction could nol he released by the model ]N. Tin¬ 
bergen lyJH to alt these instance* the animal eom» into new- 
releasing stimulus situations by its own actions. 

Hie sortie is tiuc lor the behavior sequence of hermit crabs 
during the selection of snail shells. TL S. tteese f)Q63lal distinguished 
sight dtlFe-Jcnt lived action pal icrns which occur in a specific sequence- 
Hi-' sequence is dictated exclusively hv Die releasing stimulus situa¬ 
tion, and at times a specific movement may nol take place. Then 
ihe releasing Mimuli are not present. Thus, if a hermit crab finds 
the opening of a '■anil shell when lirst encountering tt, oil these 
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behavior pattern* with which normal.lv the exiciuor of the ^hcli »s 
iflvesLigaitd. ii rc omitted. Ihe animal proceed* at once with the 
investigation of l he inkiiar of Lite shell with its duus and ihe lirvl 
pair of legs, Only ihcn will ii slip into the shell ansi raise il Up 
Whether or um the hermit crab will *tw>w additional appetitive bc- 
havisv depends on lire suitability of the encountered shell (Ii 5 
Reese 1962b, I962bj. 

In these cases i he behavior is noL nornuilh leratmuicd through 
an ad?55-lotciftt filinK fp. 56) bul by n stimulus situation thai 
cuts it off . A single individual of a schooling fish species becomes 
calm when it swims within the group and skips searching for a 
school iificr ia has Joined one. In squirrels and adenitis ihe food hiding 
behavior is terminated when Ihe food objeei is actually buried. It' 
the especled success is no! achieved, then renewed elfons to bury it 
arc nude or Lonrtjft behavior occurs (p. 1 ^e, k. 

Inc ase:, w h ere two mutually aLtuned partners arc present, lor 
example, sexual partners. Lhey reciprocally release certain reaction-? 
front one .mother, which in torn are releasing -a i mull themselves. 
An'especially good example Es presented by Tinbergen 1195l.l 
If a stickleback female appears in Ihe territory of a mole, he a l once 
her ms -i iigftig djnee. This I n turn releases a special display move- 
mem of the female. He then leads her 10 the nest, she follows; he 
show-* the nest entrance and -ihe slips ink? il Then he bulls her 
repeatedly ai the base of ihe call which still protrudes from (he 
nest: in response ro this she spawns. She ihcn swims of; he enter*' 
and mills, bach of these sliimulL can be imitated by a model. For 
example, one can remove the male after Ihe female has entered the 
ucsi and release spawning by drumming against Ihe has? nsf her tail, 
If this slim ulus is omitted, (be behavior chain breaks at this point, 
the female does not spawn. Whenever the behavior sequence depends 
Ofl releasing iUflUlli- the fteg mem s of the chain of behavior can be 
sl apped.'fcveti a behavior whn!i ha- already taken place Can be 
recapitulated bv means of the appropriate stimulus configuration. 

‘TTpjlTO %h the two chains of reciprocally releasing actions 
Ihe sequence of actions of male and female partners has been 
simplilledL in the natural situation it it not so precisely determined. 
Th«« are rtiuhV deviation* from it. but the sequences arc by no 
iii cans random [G. P. Kaerends and mhers 1955; D. Morris 195S>. 

The relationships arc also very dear in waler salamanders 
t Tritnm.i\ and anurans Rsmi. tfyk* . 1 . In ihe load. iRufa huj\> 

L.) males and females nngr,iie to tin.- spawning sires In the spring, 
which they find, strangely enough, wiih the aid of their good mem¬ 
ory for places, While dill en route males react to all moving object*, 
jump at ihem, and try to clasp then*. If it is a male toad, it will 
protest against this attempt with a quick succession of calls, and 
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(he tlaspimg erip is rtldtcd female*, on (It? blJwf hand. remain 
i|iii«i ,iihJ rtNiliimt ie be damped, ihe same an a quiei model. 
Midi as iIvc finger of ilie experimenter jp. 74}. If Ihe male arrives 
unnamed Lit the poad and if nothing stirs neorby. it begins to vail, 
which aimitts females. If H perceive* a nvovpftiem nearby, it again 
approaches iiidi^-Tifninuiieh everything rliaL moves and si-asp* it. 
As on land, the furl her behavior of live els sped object determine* 
the subveejiieni rea^rwins of ihe male. He el asps the female behind 
her front legs; the hind ]ea.s assume a position fifOM *vhich the 
male* can kick against all rivals Io keep them away. The pair re¬ 
mains ?,.■ ■cihci LntiiI the I'emale giv<i a signal by assuming a pro¬ 
nounced lordotic position The mate then ■■•lip' bask ifld forms a 
■■h.t‘-ke( T ’ wills its hind kgs in front of (be etoacal opening of Ihe 
female, where (he discharged spawn is eoileeiod and fertilised U-ig. 
461 In (his manner several spawnings lake place, interrupted by 
intervals daring wliicN the femuk swims about w i(h Ihe mule, 
again in the former clasping position. Finnlly <here i> a signal 
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pCMtU re lhaL is ftL'll FVillh-nAt J hs sfijv, ni Hi,-. Jilt iliaic again JOrnis I hi? 
basket" posture, but since no spawn appears, the dusp is soon 
rtkand and the male JurmiorUs, If the female should then again 
be clasped by a male, she wj.ll behave like a male, making the 
appropriate rejection movements with her hind leas btii remaining 
saltfH, The rhvihrnit movements aft sufficient to repulse a clasping 
male {1. CibhF.ibeifeldi 19501% 1954. 1956a: El. Heusser l«Ok 

In water salamander* the males must he excited by Ihe sp«i«- 
speedie odor suhsLanee of the females before Ihey will re a el further, 
Out has only lo pul water from a eonhtihef Emldmj; a I'eiuale into 
one ItnSiltne a mate, and the Laucr will Lhcn react to a simple, 
moving model which until [hen has not been attended lo 111 M. 
Zippclius 1949: El F. R. Prechll 1951}. The male makes an olfactory 
tAjminilitm and then blocks the path uf .1 vcui’. pec-ilk female and 
begins to fan odor su bS'Cfncvs toward the female with tad move¬ 
ments. If she approaches him. he I urns around ansi waddles off 
sievedv with his tail beni- The Icmatc follows and butts her snout at 
his tail. This ls lhe signal to Jeposil the sperroatophort; The male 
raises the Mil. deposits the sperm packet, opens the clout j. and 
leads the female in a straight lute across Lhe speirnalopbort. which 
lhen becomes attached at the female cloaca! opening (J Marquenie 
1950: M. 1\ R, F'rtchtl 19? I; !. hahl-Eibesfe-ldt 1955c. see also Figs 
97 and 9S}. 

Botanists know of eompcirable reaction shams I11 Lhe mushroom 
\ 4 rhh# umhyiexsKflii) male hivlvIu begin, tu form anrhertdial cells 
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ComiiiNp at the Aiu "« ■A-ster saVinprKiei i/.'ticf-jj >'.■>■ v-iii tomal* s’p- 
piedl. The Hq«iKt 5 to to vwMd toon* lop to (h-Igo*: Ofoctvir >nvF*i<j-*i»K< tfi iht 
Ws*c. btociing Npi wlrf iniJwjiHrg lie* laJ. nfrusng JO¥-' , i'.src*ih<tf#. l^sdr^ 
iH t:****. 


when they come into eoatact with a suhsUncc (A\ which as puo* 
duced by female myeelw The anlheridial cdli in men pfoduc* J 
substifK* (Pi) which Mimml.ik’s ihe female mycelium to produce 
oogonia. The ciogoniu in a urn produce j substance (C) which attracts 
I he jinlkndr.il celts chcmotrapkally and which causes the chasing 
off of ihc anlhcTicha ounce (be union with ihc oogonia has (alien 
place. A sub-stance (f>|, which is produced by the fully dec-doped 
antheritha, stimukiles the dosing, off of Ihe oQgOnia. but only after 
ihrcu contact with the aiiihiffidij (J Ft. (taper, cited in M Hart¬ 
mann J1956]). 






















9 THE HIERARCHICAL 
ORGANIZATION 
OF BEHAVIOR 


EteluriOr palLefBS QCCHJ Lfl fl iPCClflC Of-dt r In the reaction chain s 
disai^sd in Chapter 5. I he orderly sequence or Ihe various actions 
w..s iliU:ik-Ll hs 1 III relevant releasing ilrAIBlUi Sit uation . As was~ 
ihm hv 1 he example of the wjuirrel hiding iii nuts arid Lhe spider 
building Ms net 4pp. 22-23), (here are also enduge niHtsly pio - 
crammed a e l inn sequences. Scraldiing if- followed by placing, of 
ihe nul. bulling with Ihe snout. covering, and Romping down, even 
ihou^Ji die squirrel lias mil preview I)' dug op the ground tp. 23). 
EjlIl individ ual porrinenl has its heed position in the. total se¬ 
quence. arid each individual moverntni is in mm an i nicinaHy 
pfi'igfaiiruncd SLi^ueiiLc of various musiCc LOJiLrociions. 

ihL orderliness oF ^Savior does oui only consist of a temporal 
sequence bui ,ilw uf icmpural para lldisms, ftebaWotf p atterns-_m ay 

he itk-si uf !.-■■ l -,1 |'IL'.l Mill one . ■i 'll.■.i. .1J iliy ■ I.I-. Lnd.kie 

one another. We ran also observe dial behavior patients are 
link-red ill seb, ill willsh e.n.ti 'CF HnetfF|Th|llfSl1Kl bv a OTOTIfliW 
llueluatiop of the ihcvsliotd for releasing stimuli- In on animal 
I hat is in ,i fighting mood, for uanpTr, we can see thol the be¬ 
havior pui iliiis of Ihrcut. altoeL hiring, and $0 on. Con he non 
readily released di.ni ji miter limes, for example, when the animal 
is eating. Other behavior patterns again, such as eating and rwM* 
building behavior, ore inhibited at this iime. This is art indication 
th.it Mil b ehavio r palbrtiJ ore ..grouped and depend on higher, 

• ■ . . Jnij.ri.li- organjiAliuHN. which iriliuenw one amoliej mutually, 
in 'peeiile ways, 

1*7 


















Thf HlffiAHCHtCAL OASJVr, iIATION OF EFHAVlQR 


16-3 


I ii un d jiijJc '■■l)i:ii i'ijI is not only mure toads 1 sj o-Jurl durtn ; ih^ 
rutiing season but i' clearly more aggressive lls well* Which be- 
h>vw paliyt-p*. ary aciivuitd ;ti ;t specific lime, whether those of 
lt.hi nine trf t?l" fighting. depends oil ihe ryleasing siruaEiun However, 
the male hat a lowered threshold for both liinj* of behaving We 
know chal this is due uj the influence of male hormones. In many 
birds iliy behjvior pai terns of jtipj building, courting, and lichting 
are similarly orgis nine J during the breed iug se&scsn. 

I ll is order w ith reused to sequence anti simoicaneiK ryOects as 
l he s. im'ic Mine Iirefafehita! ufdef of behavior in * hi eh sOU’ .il 
l evels of jn tegr«*on can be recognized. Ail example nuv illuminate 
tli is En the early summer. htHChinf dryer warps tAmmopfafa 
Ciimp&ntii\ come into a reproductive condiiioji and are then ready 
to mole and care for I heir brood. This mood of curing for brood 
muifls of n number of specific drives- nest-site selection. nest butld- 
ing. huntin^ for caterpillars, egg laying. feeding of larvae. and 
itpcning and closing of the nests Each of Ibese sped lie doves in 
turn consists of chains of individual action* Ihitc an* cisiilrotlcd by 
specific releasing siimuh. Thus the digger wasp will first search for 
a nesl and will begin scratching and biting sn order to build a nett 
only when she has found a suitable place. The loose sand Shat she 
dug up is carried away. When the nesl chamber ss completed the 
entrance it closed oil with a dump ssf din of the proper sijst- Then 
the wasp begins a new activity. She searches for and 1:ills a cater¬ 
pillar A her that the mood to retrieve supplants I he mood its hunt, 
and the innate actions of transporting, dropping thy caterpillar 
before I he nest, opening the rest, entering, turning within, grasping, 
and pulling in of Hie l .Her pillar follow- J in alls, I he digger wasp 
will deposit an egg and clotc the nest. Thereafter she will repeatedly 
visit the nest, and once the Ian a has hatched, the well feed il 01 
Ant with ■■in.ill and later with larger caterpillars, when the latta 
pupales. the wasp closes the nest for the Iasi time, She it able to 
adjust her behavior according. 10 the dean and-, uf the situation; shy 
will bring fewer caterpillars at some ary left in ihe nest, or she will 
bring small ones wh en the larva itself is si ill small tG P Bitcrend s 
I$41; sey also p, 21ft). 

O.bvrrvaiions 'how ihat there are dominant and subordinate in- 
^.t.uu u N finbergen 11^51 * has ilUistraied ihas in his schema of the 
"hierarchy of instincts" He developed his ideas during his studies 
of Ihe reproductive behavior of stichlebadns 

In the spring, ihe male stickleback comes into a reproductive 
mood as the lengih of day increase' But the change to reproductb e 
coloration does not lake place suddenly, :»nd he shows no yuy fling 
or fighting behavior. Ijmead. the ti>h migrate together peacefully in 
swarms from iheir winter habitat m deeper' water to warmer and 
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amt -li.il],i'.i water. There each nude cbtabfislies a territory. an 
•iil-.i containing voiite water plants. Qnh when a territory has been 
selected Jih.*s the fish neqiufc reproductive coloration and become 
receptive to new stimuli. He lighls mtr threaten' when another male 
appeurv he eiruns females and builds a nest if he ean rind suitable 
material. What he will do spedlie-ally dtpcndlson the releasing stim¬ 
ulus situation huL he is in a state of interna] readiness id perform 
all i he sc aeuviiies. Fighting. behavior 1 % activated hjr iht appearance 
of a red-bellied male,, hut which ipcc-ific rielnine actions lake place 
jsaira depends upon siill more specific stimuli, IT the ml ruder Dees, 
he is pursued, If he beats his tail, the territory owner reacts like* 
wise The red male releases the readiness Lo light bur not the actual 
light itself. One can recognire several levels of integration which 
lead from a more general to a more specific behavior, and certain 
kev stimuli activate I he next more specific ntlim system or mood. 
For example, if one collects severe I migrating sticklebacks and 
places |hem into a bore tank, they remain m a croup without chance 
of cuter, because no territorial borders can be defined with respect 
1o landmarks, If vme adds some plants in a comer, one male will 
remain iIll.il, change color, and he is then in reproductive condi¬ 
tion. He is ready 1o court, fighL or buthJ a ne^l in response lo rhe 
appropriate stimuli, 

Si. tinbcrgen assumes rfoat ihis observed order re Ike is an order 
of functional organizations within ihe central nervous system. 
(Fig, W), Me speaks also of a hwiarehy of center. So ihe term 
:l eemer" 1-. purely fonctiOftiUy defined. HofflHfKS alfevl Ib-c highest 
teuler responsible for reprssduction—the migrating eenier—and 
cauite appeiilivtf behavior in Ihe form of migration. There scents 
Lo be no specific kev stimuli tor this. The appetitive behavior of 
migriilion ends when the fish perceives the key stimuli in a specific 
biotope. These, in turn, artect a specific innate releasing mechanism 
which frees I he next main center for propagation that was blocked 
until then Impulses ean now poss to the lower centers, such as care 
of hrsKsJ, courting, destine, and lighting, but each of these centers 
is blocked unlil specific key sLimuli release the behavior, for ex¬ 
ample. when a rival appears. The rival must I hen provide still mart 
specific stimuli before the specific lighting behavior pa items are 
released, 

Vlisfe recent investigations by l h , Guiton [1960] compel us to 
modify this model somewhat, Acts* dint. to Tutbergen. migfatiiH!, 
establishment of territory, and reproduction follow ip a set] nence, but 
righting, nesting, conning, and care of young arc pgrnFlel in time, 
AncrJing io Guilan, estahlisftment of territory, digging a pit, nest 
building, courting. and care of young follow one after the other. 
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After .1 icrriiorv has hecii eiiiablisbed, iI-.l- m.ilc digs :.s pi«. and onlv 
ibis releases iIk emying in of nNing nuurial a«d glueing. If ihe 
pat is covered, digging is gfadualLj reactivated. but the fish don 

iun dig ui kijig 34 hcfuiL and SCkIJI begins Ifl CMT) 1 iri DesLing 
male ™ I lie js iki| fully ready to male until he has due a lunitel 
into ihc Atti. These new findings do noi. however, domgc the hcisie 
principle of Tinberg.cn's schema, and for this reason Hil- schema 
is reproduced here unchanged, iFimiy fur htslorkal reasons. 
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H.iwd on neurophysiological tons-iJer^iioBi' P. Weiss, (I'JAlai 
independently developed clic theory of I he hierarchy of the central 
nervous system in which he distinguishes sis. tevds of mtejjraEn'n 
The lowest level represents eKic single raolftr urail (I). This » fol¬ 
lowed hi ..11 the motor units c*4" Tine muscle <2j; west the co- 
OfillroioJ fiiiKlbn iif muscle groups which move a joint (3): fol- 
lowed hv the coordinated movement of one extremity i -I h: theft the 
tihtfdin^ied interaction of several appendage' <5): rind- finally the 
movement of ihe entire .munaL (tf. The skill level includes. as* 
Tinbergen shows* several levels of integral km, in l inh<rjen"c schema 
three of Woiif levels are repr(denied, The horiiorttal line is meant 
to separate the feed action patterns Ee0jiSummAT.(5ey ftCtbniJ From 
chc more simple and subordinated movement coordinations. 

^ Tin hergeit Jeli nes itutm't as 

a h wemeaiip ne«voirt mcch^oisni whth «s jgscopn&le la cc-oa-o 

. pi-v 'ii). r*casing art} gnjr.iing impuTes 01 lOtarnal as wall Ji o' o-« Iik rUl 
origin, an:! Vis’ :! rasjramft to t^assa ifflpiAMS hv ert'd"*itt6d '1MwS«tOi , IS 
_Jitl.il carl tubule CO lh# lOflirtMiSflrtfiS *1 Ihe »ndiviCsi*l arxj (h* $ pSOtK-. 

He distinguishes between itiijor ami subordinated iniiinccs, 

jn complete agreement with this statement is W H. Thorpe 
(1951:3}. who speaks of an instinct as 

. . jo nhoritad aod adapied sciiarn of eoerdoaiian wrthn ihe r*q negus 
svs-ieni as a .^hijie, which ftei>v«ad lads mfH-MS'en in tanhawaw 

cuinnojl.rg in a R>ed soon pariern lc -,a organised an a hiOWClM*1 basis, 
bolh on Ihe aflerent and eflE«e-iit sides. * 

Whe ft Ithaiged. 11 3hpwj OYidanc* ®t *r<Kii5P*C't'C’PiJ!*n'ii^’ a rtf f 
readinass t-sr raiease by an wwor-twiial Mtafisfr' 

f There are secern I ways of discerning Ihe functional organ i?cii ion 
of tlte various behavior pauems. Whether or rot a behavior sequence 
depends upon external stimuli or is programmed within the system 
can he determined by manipulation of the releasing situation. as 
was iliustfaidJ hy the esampks given, earlier. The study of fatigue 
phenomena also illuminates these relationships. For example, u a 
behavior pattern A repeatedly occurs and a behavior ft also shows 
Fatigue bur Lhe performance of ft does not influence the occurrence 
of behavior il, we hate Art indication th,H the action* are Ordered 
in a sequence AS. in which E ls dependent on A. If on the other 
baud, an increase in the ihrcshold of A is accompanied by an 
increase in the threshold for ft, and if the performanet of H is 
followed by an increase in A, then there is no strict hierarchical 
org a miration between both actions, hut boih arc tiependem upon a 
common higher stage IA. Korllandt I955y Further discussion about 
ihe hierarchical organization of behavior can be found in (S. I 1 
Baerends t I9j6j and K A, Hiude (l95Jk Hinde emphasizes thaL the 
hierarchical order is not mil's mamteviesJ m simple, linear rela I isms bat 
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in a ueiworL of rda lions. How ifos is ctT be vndcrvlOOd will be dis¬ 
cussed in the experiments by E. v. Hofei and U v. Saint-haul 

The tfWhrl asitM that t he orjar iz,H ion of behavior of intact ani¬ 
mals r-7 .1 reflection of an o rjtaiitmLion within the central nervous 
">'!cCt1 .^puld brjyFyTou-. In illL-iilfl' l.« u::,h;rV...:i.I dll- ic.j,ir.'/,i- 
Uon. experimented «i ilrxi used surgical techniques. Hovew. tlie 
ctVee-h of lesions allow only a fOUfh approximation of localizing 
certain behaviors nilhin specific areas in the brain, and coni ra¬ 
diatin' results lead to extreme interpretations. While Intalifttlion 
theories assume ihe existence of sukll) defined anatomical centers 
for certain functions, the theory of plasticity tmass action) does not 
con Inin >och a strict local nation of fund ion in specific anatomical 
structures. For Lhose favoring .1 kv:ili/.iiioa hypothesis, the brain 
ts a mine or less lived mosaic of individual centers, each rexponsihie 
for specific axtralie- According to the muss-action theory the brain 
functions as a whole, whose parts have only partially overlapping 
fv no ions. Both groups can base their conclusions on experimental 
results (sec the discussion by j, Dendbowski [ 1-9551y K. S. Lashky 
(JHJJy. J93I). for example, fonml that Lhe learning performance w-,is 
proportional 10 the extent of the amount of cortical lesions. Thus 
the loealion of removed conical tissue was less inptrlim than the 
amount, und lhe (corning abilities depend less on a localized ana- 
tomkjl -Irueture than upon a mote spread cortical mechanism. 
F A. Beach (1937. 193S- 19d&| obtained similar resulis In the studs 
of reproductive behavior of rals. The percentage of mule rats copu¬ 
lating decreased with »«i increase in the sure of the b-uin legions. 
There were other Undines. hamevtr. Small lesions in the cingulum, 
for example, disrypted the parental care bthanar of rat- quilc 
substan ti . 1 13y. The -jmc is true for food hoarding |J. s. Stain m ]9<4. 
1955). 11 F. Marlow t395i) speaks against Lashley's concept of 
mass action.. According fo 0. t. /ang-siil (|9ti|h there is imi 
necessarily any com rad id ion. Undoubtedly there exist speetlk brain 
areas where especially instinctive behavior ■! emotional behavior) i- 
Uxidi/eJ m specific -Iruvture- in the brain stem, In respect to other 
functions Lhe number of ganglion cells Lx important. This Is true 
with certain exceptions for the relationship of lhe cortex to learning 
and intellicenl behavior. 

An entirely new impetus was given to brain research by the 
investigations of VV. R Hess |19S4, I9fi7n, who activated many 
behavior patterns in the brain- of largely intact cal- by means of 
electrical stimulation with lived elecirodes. He w-is able to kh.ali/e 
points in the nudbrain of the cat where he could activate threat, 
escape. eaiin.t. and other behavior patterns. These points vnere eon- 
cenlrated in certain areas hut were also widely (distributed, ax could 
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he expected in such ii eompljLJied ’’wiring system” flFig, 300). Cats 
r.nscJ in social isolation displayed upon electrical Kypoilulaffikslirmi- 
tation Jill the pjiU'rns of aiiad. behavior ilut normally raised cals 
demonstrate in ihe same situation. The brain mechanisms unde flying 
these patterns arc probably innately organised (W.. K. Roberts 
ii: J E. H. liiifj&juitt IMS). F. Huber (1955) was .able to deter¬ 
mine die nerve centers of some instinctive behavior patterns in 
crickets by brain stimulation. 

By reeistcrinc the activity from tingle neurons B. R KomiSaruk 
and J. Olds i I sh. S) demonstrated a direct relation ship between 
neural activity and observed behavior in rats, The discharge of 
single neurons was always coupled to detinue Jdivititi, such as 
feeding, [witching of vibe issue, snilbiig, arid exploring. 

An entirely new rood was taken in pursuit of ihe question of 
the order within the central nervous system by E- v. Holst and 
tJ. v. Saint.Paul i I460K. who used' the method of electrical brain 
stimulation to investigate the hierarchical Organisation of behavior. 
They used electrodes that tould be lowered into the brain ir. dis¬ 
crete small steps. They siudied lame domestic chickens l hat were 
habit tutted to the experimental situation., tty trial and error Lhey 
placed several electrodes into ihe brain stem of a chicken and 
were able to stimulate several separate points at ibe same time. 
One crimp of behavior patterns, oui of the many they were ;ihle 
1o elkiL is of special interest and had the following duraptristirs: 
(I i Ihs' hehiisii>.r .cipiviive, in v. Inch curious individual components 






THi CJ!HG4S, £ATIOIS QF BFHAViQR 


16? 


occurred, remained ihe same even during long* lasting decimal 
stimulation or when higher voltages were used; ( 2 :) persons who 
are rami liar with tire species consider the nunvement coordinations 
to be “natural": and (Jj the behavior thal was elicited consisted of 
M,i nstniFi-.il patterns that have adaptive value. 

U appews as if Ihe> had activated an instinct the way Tinbergen 
defined it. individual behavior components appearing in an orderly 
sequence that seems dependcnl upon the diHferem thfeshsdds re¬ 
quired to release thepi- Ihus the stimulation of a certain area of 
the brain Stem releases blinking of the left eye in 4 rooster. IT the 
stimulus is eon tinned ur its strenglh inereased. ihe rooster will shake 
his bend, and If stimulation is continued further, will rub his head 
on his shoulder, finally he scratches his left efierk with his fooi. 
Head shaking and scratching are Lhen repeated as long as slim illa¬ 
tion la sis: it appears as if the rooster is bothered by an invisible % 

In a similar manner the aulhorscould release the entire “disgust 
reaction" in chic-kcns. Here the neck is at lirsl Stretched forward 
and the head is hern so that ihc beak porrti* to the ground The 
beak is opened slightly, and the tongue moves. Dunne continued 
stimulation saliva is sec reled. as if an unpalatable object had id be 
washed away, finally the chicken shakes its head and scratches 
itself. When the stimulus is- terminated ihe chicken makes j linal 
wiping motion on Ihe ground (Fig. total It was possible so release 
quite complicated functional behavior sequences such as escape 
from an aerial or ground predator as well as quire simple reactions 
such ai cackling. If only the cackling drive was activated, the animal 
continued to perform this behavior even when prolonged or stronger 
O in illation was applied. Finally a kind of fatigue set in. and a 
stronger stimulus wav required 1 o continually release Ihe behavior. 

During other experiments this cackling was merely a component 
of a more complicated behavior The animal began, to cackle when 
ihe stimulus was turned on: with an increase in strength the annual 
became restless, walked around, showed orienting head movements 
and Finally flew olf with calls of fear, just like a chicken Lhae has 
been frightened by a ground predalor (Fig. 101 b and c). in this 
case the escape drive hits been activated whose individual parts 
appear in Ihe proper order when their rcspcctis e thresliolds have been 
reached, If stimulation begins wiih high voltage ihe animal Hies off 
at once. This escape behavior, in turn, can be a pari of a drive of a 
still higher level of integration. F.. v. Holst and U- *, Saini-favl 
sometimes released only a restless wandering about, in these eases 
ihey irred W find tint, through presentation of various releasing 
stimuli, whether they h.id activated a general inotor res|les-.nes\ or 
a speciSic appetitive behavior- In one experiment they found thal 
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Fifliifi 101. 141 AtlwaWf* d i bthfr^r 11^4 Jfsm on* fTrfnJui MdL Tlw whoI* 
M*vM K wn <>4 iCirtuhTig iinplunw Bfom ltw bairt. Th# indamNP sdi 
ni*! .j *.ih tract .iais can Mso ba abl.i-*wd in «3<sli>^ tbw -SiNr ii#M) $1 fianvUniQA. 

Th*i ■ -rtrwvpt h^ja»»(w lf<- ■St'nfll.lf !fi# tlr<r-<j!h i)\ Bib f!iTYjlyB *n-7 rs itB4IH>n. 

SBw-f.i mcwo* yi<» <*u*i.;n’, or in- m#oiJvi it* ehcton *tv#i >is a**. ib> Boda-KB 

Ulpiwt Ql rfQJT* a ground frriaipy Hr «h StNVlV mriSffV=»5 U»Ti(il*!!iSf‘i til it>a 1*M. 

{ci Hfscwi 10 * suiJderi sMmva si-mj^s. Xnjrp F t. H@tel j*=^ U, *■ 

(In; lJi iL'Ih^n wjs pt>t ready ti> fill, drink, or ^soijji. bui when pre- 
■vcntcd ■Mich 0 lat-i it ihreateiKd lightly. 3f ppcwnlvd wuh a MWlied 
predairrf, .1 polccitt ilic ciur'kirn ;>■ iiiitix threatened jnd allacfced 
When (Jif polecat ^is knocked It* the ground. Hie chicken rtuinod 
liic [Inviii pKiurt H'i^, 102). 

t Ire conclusion e3i.ii nne dni'.w ds Ehji tin “atiact dries’' ngnitwl 
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ground preda4bh has Iwoi activated Aft additional experiment, 
hctwcv^i, shows ih l>[ ihi-i is nor the -caw. If Ihe staffed potent is fixed 
to iJil ijble &o thjt it cannol be knocked down, The ebielien wiLl 
behave quite differentiy, After (lie initial attack, a Iskh lut failed lo 
dislodge the predator. the anrtn&l ihen calls. and Mki olT if brain 
vLintulatLiiri is continued. Thus '’behavior directed against ground 
predators” has been n.cti'.'iiLCd. including uiLack as vs ell as escape. 
The iillernalivS jfc ordered according io their diKereni releasing 
tlifeshoMs. A vers strong brain stimulus can also cause an attack to 
be switched lo escape 

In (lie Iasi three experiments cackling, had heeft aeiivaied once 
bv itself, another lime as part erf art escape drive, and finally ai part 
of (he activated ground-predator behavior complex There levels 
seem to represent three slagc-c of integration. which if arranged in a 
logical orckT. express a hierarchical organization (Fie. 1QJ}. This can 
be represented in the form of a diagram where additional espefi* 
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menu reveal details about ihe patlirttlur interrelationships, One and 
i he -inic behavior can often he activated from lwo different si un; I us 
points. By appropriate experiments ore can discover an which relot ion 
to one another there pennli ore luejted wiihm Che functional syMetn. 
,\l fir it one irk-, 10 find out if there is a connection between the two 
points by stimulating both points simultaneously with stimulation of 
intermediate strength, which front one posnl alone releases onl) a 
moderate)}' Strong reaction. If the simultaneous slinmlation results 
in a stronger response, one can conclude that the excitation* from 
the two points flow together somewhere in Che central nervous system. 
A behavior pattern can aivo he fatigued by repeated stimulation 
from a particular point: in order lo release the behavior, stronger 
si i mult arc required. Ef Mini ulus point I no longer releases a reac¬ 
tion and point 2 is stimulated, then the behavior can again be elicited 
with full intensity. In lino air.taivt:i? Only a pathway leading to ibe 
lx mer solely from point one has been locally alTcciedl, but ihcstiinu- 
larion did not a Reel the motor center. 

The "fatigue" phenomenon at the point of stimulation ua$ called, 
a "'central Hocal adaptation” by t. t. Hokl and U. v. Saint-Paul, 
and ch-ey distinguished tc lirons a "'change of mood,"' which is a 
different process Hepeated stimulation Can result in a change of the 
basic mood of an animal. An animal that spontaneously sack led 
"'angrily"" could be induced Lo sit down after repeated activation of 
the drive to sit. so lhal iC did not gel up again after stimulation 
Ceased. Mood shifts, local adapijiion, and the possibility of activat¬ 
ing behavior from several stimulus points were observed by the 
authors at various levels of integration. This is represented in ihc 
dlagtam I Fig- 103}- I lore i he- three experiments lli.u I have disclosed 
abswe [cackling, escape drive, and reactions to ground, ptedaior) 
have been represented in a specific order. The resulting diagram the 
'functional organisation of drim" t VVirku ngsgefbge] shows noi only 
the hierarchical organization but also a network of connections One 
and I he sane final action is ihc result of several in ilia! approaches, 
We know from Observations that sitting down, for example, can be 
activated one* as part of the drive to sleep and another turn from a 
drive to brood, just as running or Hying can he a part of several 
drives. K. Lorenz called behavior patterns that are involved in several 
drives _ 

L. o Hom\ ojgatii.-.iiioji of drives emphasises the interrelation- 
ships more than Tinbergen's hierarchical schema which is primarily 
linear, all hough even here, cross connections arc shown by arrows 
pointing to different levels of integration, v. Hold was also eon- 
Lenied wiih the histologicaI mapping of the various stimulus points, 
but his untimely death interrupted this work. 

Brain cumulation emetics on the opossum i&htfiphii virgjim/Kt) 
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iiihiwtd in prunt-ijilt ihe Citric results t\Y. W. Roberts and others 
|%T|t 'I Iil- hierarchical organization, however was much lew pro- 
flounced. v. huh relict! (fie oppniMtlnnal diffliercn« 

between iIII* avian and mammalian brain, 

Hierarchical crgoniM-iinn of behavior can be recognized in many 
invertebrates and ill all classes of vertebrates. As Oik ascends I he 
plo louL-neiic scale, litis older become* ks& and k*s linear. In 1 he 
prey-catching behavior of the cat j linear arrangement of behavior 
component* occurs only if an animal i* h un s : lying-in-wail, stalk - 
me. catching. tilling. and eating. Bui a satiated cat will also capture 
prey without ealing it, and At mentioned earlier, each partial pom* 
p.MLfcii id ,i sequence can become a lin-.fl consuminatory act because 
it has ils own specific motivation The other behavior components 
then become appetitive behavior in the service of this final action. 
P. Lev hausen therefore called this a relative hierarchy of drives 
tnumdM. 
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Sonic 1 1 in cs a VJUiuLu* tUUitfiyii .null, am* ale scvcr-v >!n'v> ^ muhj - 
r jtLHL'J y, fi>r example, Lhc drives tu attack and to flee"* ^itc^)Dpos ijLg 
behavior patterns c ome into conflict wifh one anoUtu anti Lhc igso- 
lu lion can (ate va icmi forms. By living I heir rtidhod of electrical 
hum siuni-l.iiion t v. Hoht .:nd t t. N.init-KiUl i I n.-i ■ i h..oe 
examined this problem in domestic chickens by simultaneously acti¬ 
vating two opposing drive*, from » different stimulus. piinh In the 
mos! simple cuw> I he ICtivj L<rd hehavktf patterns are superimposed 
on one another far example, peeking and head 

1 timing. We It ate ulreadv discussed such a s nperpoaiLion in normal 
animals with the example of lhc expressive movements and facial 
expression* in dogs <p. 'i2j. _ [ii nvem <'mf’. two behavior pattern* are 
also *uncfimiwscd but their in tea- i tyThanffli . fl ^HICUlHI Mil IWtlll 
a strelebed-ou! neck and looking around with widely-sweeping head 
movetiKno arc activated together, the rcxoll is watching out with a 
?till mute sireLChed-ont neck and looking around vitJi Jess extensive 
sweep trie head movement*. Thr aunuiUmm^i .uiit..itil bduyior 
p .ilicrtis ni.i'; ..;I -.■ I'm: ecprevwJ ir iVeniduVui according io •• fMiicin 
.Hva-lva-b. Such acnbis.ileiil hch.mm we know front Lhc ligzac 
dance "of*!Re stickleback. These instances have also been referred to 
a* successively ambivalent behavior, in Contras! to examples of simub 
laiietKUv ambivalence, w here hot it activated systems are simultaneously 
expressed, f do no! Ihsnli thal this is an accurate choice oi tcnnimilogy. 
bcQUM scleral inappropriate thing.*, are combined. "'Successive 11 
versus ‘■'stimiltaucously" reJer* !o the expression of lhc behavior; 
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■■jimhiv.ik-iiiL ' refers to the two simultaneously victualed motlva- 
iinoal s\ stems, Sonieiuu: might interpret ilip term “successive ambi¬ 
valence'’ .is referring !0 Fum^ivt internal drives. F. v. HoiH and 
U x,. Saint-Paill obtained alternation when they Activated watching 
out and eating at Lhe same time. Opposing behaiior patterns suc h 
JS Iiimiiia riellL and turning Icll fcjioofujle ano ltlCl ! 

Vn ~iir.-..-din i i nvp-fl ffF behavior has been called 

|l .. I.-, ,-... :|W I! L- MlimlC.ltKiridY l. 11 1 . l-.'l I F J 

electrical stinuilatKin an entirely new behavior pallcrn appear: The 
irluekun runs . -• >.i with i':.n:.-.l real her-, calling loudly, and this is 
ilu: be ha v it it of an nteu baling hen if one approaches her n«1. How¬ 
ever. rhT won "irwsfiofmaLMMi" must he used with caution- What 
might appear to he trurtsfbfrttalkin upon supcrlkiul OH>^tralkni may 
have oiher phvsrolog.iie.al eauses. lew instance, if in a hungry animal 
lire L-seape drive is actiialed and al Hie same time 1 he sleeping dri vs, 
which norm ally suppreSJCS the drive to escape, lh* reswli it that ihe 
thicken will cue before faliing asleep. Formally expressed. *r + b ™ r. 
hat in actuality c is suppressed by o, and o is suppressed by b; htlKt 
c is libera led. 

W'c speak nr inasktng il one heli.it nrf suppresses another without 
isfes cntine it from net urraiig. altogether. If a cadi I in a chkfcen receives 
■m brain stimulus which releases the drive to sil. i! will sit down and 
eeioe cackling. Jr' h.Hh shaiuli are lurncJ oil. Lhe chicken tackles 
briefly. Lhe suppressed action thus reappearing briefly. The suppressed 
drive trusted In Lenity but had been blocked usmewliere before the 
motor areas had been atfecicd. If such an after discharge docs not 
Occur. F. i. Holst rriid L-. v. Saint-Pa ul speak of pwvnfirtg l fig ttHV 

Vi liiyli behavior pa Mem will suppress another depends generally 
on ihe strength of the siiniului. hul not eccluvivelv >o. Some domi- 
uS4U activities suppress oihtrs. even if I hey are expressed only with 
low intensity. Ibis it true for several escape reactions, especially 
watch in a out and freezing. 

In some can's ihe e fleet of various behavior patterns on one 
another was measured i|cuntiiaLivclv. It was fouod ihai ihe “disgust 
reaction” only barely raised the threshold for head turning, but the 
threshold lor pecking, which K part of the feeding system, is sharply 
raised. Ilia. he.id turning is more readily eornbinecl with ihe "disgust 
reaction" than with pecking behavior. Finally, an activated beha vior 
s,ii- mllucuLv .anriJuir behavior in uw.li a way as la make it dreip- 
pear iilt n pri h a. If a spontaneously scolding llifll h Jiiniuhrrd~tTm!T _ 
enough to hi down, she will eventually calm down (Fig. 10$). 

I (halnghis have observed very siiuii.ii phenomena when observing 
intact animals ;uul have mlerprckal ihe behavior (Mfettly. One 
example that did not occur in ihe cs per meins discussed above will 
be considered A Kortlamll (1^40) and bl hubergen 1 l*A4T>. I^SJ) 
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discovered independsnlly of one number th L ii an im,iIs Irci jLienM> 
show behavior p atterns in confl i ct atliJul ion:- vyhivlTt annul be a lCTSft 1 - 
[UcJ In ^Ifll^liJ^'J ncev '1'hev C.illed thevu hehjivnuL nallgtjn tlu- 
pltu fnitHi utihiiiif i (UbeSprungtww4'^uin|tn), This. concept is bas ed 
o n i he hypcuhftii that lln AbJfttJ bthamjatltflU-arc 0 Ql ac li- 
vattd from their normal source. that is. nutochtfionoiisl}, but rcyeive 
tlieur cjgTTtttrry pn(en1i:sl alUKhlh£uLou*ty fiuui Llidit dtrvs illicit 


w 






























CONFLICT BE*-AvlQft 


I 7X 


Th fl 

■ V 'J " 


Slirfuiyl 1 SlimulMl'It 

I Ui r i-t-i 

CT 



^ ! M'''' LI IL 11 


fltyjl * 105 All.; All .1 Wfwquw* M 

* fwnwdog fl**ng simukn c*cU« I»iv 

IJAMirltl V -1 W 41 tVh>j 5 kO£lJ>a ilul. iLrt, 

VOI. l|#«. Silt ItfUtfW* .... 5'i^QMIK 
Crv It'd vQQ& ■Ji'*V r il Sluirvykjt I LfOduC-iJ 

■UKArtg Otri, -IliffluVi I, i-.ilinij 

down yVt^n |h* wcor-J U5 ■! j*p(aM! 

kc^fl *<>0vfln. 4 <^4^94 fcl mwjs I4»«s pHCO. 
iFnmiiE. v. Hotu jnd U v 5*iu-P*ii 11960J.J 


h avu been nrevenLed m ihcb eXftressifleLh¥JiK^lflI!iClifl ft situation in 
v.tii lIl the animal finds itselt 1 lie J.iitmud-ilp exvilalioil ■^|i.tir‘kTTfv?r. 
SD in sfifilti iulO inMlier Channel And there rinds ilv discharge. We 
sh.iLl return lli i hi:-. hypothetic but lirsi the phenomenon itself v. ill 
he described. Fighting roosters, which are inhibited from attacking 
h 1 , the saniuluneirtidy jyuvated i cockney to lies, hoth hchav ioi\ 
facing released from Iheir opponent. begin to peek at Ihe ground. 
The sarhe m done by mate turkeys fB, RSher iWtJjj. Peer engage 
icn sham feeding when the tendency to remain conflicts with a tend¬ 
ency 1o flee [D MtiltardJrin.e I9$2k Quire often cleaning roovc- 

nenls, shaking, bill wiping, h.ilhing movements, and nil hers deSdiug 
wkh ihe care of the body appear as disptaoenteni aero hies. Fighting 
starlings pT«n themselves vigorously between bouls of lighting. 
Similarly, many mammals scratch Ihe.mwives in conflKt situations. 
Sticklebacks show displacement Jigging when they Lhrcaien ope 
another head down near the boundary of their territories, until deep 
pits result. 1 1 hits been shown that the fish are in a conflict between 
atLiek and escape, and the drives are in balance, Hath stickleback 
a Hacks more readily the nearer he is lo the center of his territory 
lie is more reudt io flee outside it. However, it is possible to-subdue 
a stickleback inside his territory with a model lhat ear resist his 
aiiaeb., He then hides between | he plants, if one does not move ihe 
model for some time, he will again attack ai hiv aggressive drive 
becomes virongcr. He will come out of his hiding place and before 
allocking again will show displacement diguing. |N. Tinbergen IdSH 
Cormorants exhibit shain ineubaiion during intereaIs of fighting 
iA Korilandt IM4IUi A voce Is ever assume a sleeping posture by 
placing their hill between the real hers in a conflict situation (O F. 
Makltnl ]D3t>]. Herons show prey-L.ndstng behavior when they .ire 
sexually excited tJ. Vcrwcy I Wl. spa-uk- jtispim-.-wu.m active- 
i;es occur- eci patiicnUu cueiUwc- suujUuai,-4Jl£i have jj^ucjuJy 
Iicsmiuc ritii.ilsygd as expre>vjv c_r>oveme nL■■■ [displacement preening 
of ducks, p. KBit. N Tmbcrgcn 11 ?52j interprets ihe relieving oere- 
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cnttilS >tl I lie nest Hi bJiM.ii.-headed :■ uLU a lid herring gulls as .1 dis¬ 
placement activity ‘the birds bring nest material to their partner, 
ilhj are jo art incubating mood. hut 1 hu place w lie re then could 
mcuhait is occupied. In this cwiflitt the animal pkfcb tip nest 
material. 

Man aJw shows comparable conflict behavior. K Scivs (I9I5I 
extensively studied the behavior of speakers. A speaker npwtt 
himself before his listeners. so he f«b isolated, Escape reactions, 
which cannot he discharged are also activated, because the Speaker 
is in a situation that does not permit withdrawal. This motivation 
10 | 3 ee 1,-41 is in cvin.-me eases lead io behavior reminiscent afnettftwev 
such as sweating, trembling, and restlessness. In most eases the 
speaker uj|| adjust to the silurtUOn, and several paths are open to 
him He can be si belly formal und stiek to his .subject mailer, and 
m this way his interaction with ihe cm ironmeni as grcutlj reduced, 
or he may escape into hie lecture by speaking. n> himself. He can 
modify his exposed position by belittling has achievements, by 
appearing huruble and exh failing behavior that indicates a readiness 
forcontacl, such as Friendly smiles and submissive behavior. Autoch¬ 
thonous behavior patterns are activated, far example. ihosc or seek¬ 
ing cumfavt (datehiog the lectern, and so oni. Finally, the conflict 
tensions lead to a large number of displacement activities. These fall 
into ihe categories of bodily care, eating. and sleeping behavior, 

Into [hr; tarsi category befang wiping., cubhang. :md seratebi rif. p 
inotemenK bringing the open hand around the neck and nape of 
(he neck, stroking the beard, even when no beard ts present (!). 
stroking back the kor on the head, or scratching iIll head. In the 
category of eating behavior one finds biting, chewing, sucking on 
objects {pens), spontaneous chewing movements, licking and swallow- 
me. Finally, many kaffied behavior patterns appear in man as 
JispliiL-cmirni aciivltics, such as fondling of the tie. rhythmic pushing 
of ihe button on a kill-point pen. and many more. 

Displacement activities occur not -only when antagonistic drives 
arc activated, but also when the ‘"ES-ial" of a behavior sequence has 
been reached too t|uidk1y, such as when a rival w ith whom the ani- 
iri.ii has been fighting lenses prematurely, or when an expected 
stimulus does not appear, or when a female does not follow a leading 
male. Tinbergen explained displacement activities wiih the concept 
of central nervous energy tp, fit); an energy surplus that eaitriot 
be discharged into its normal channel will then flow over into 
another channel and discharge itself in tin irrelevant activity. I he 
dammed-up energy “sparks over. 1 * wi to speak, from one center to 
upothfr. according 10 Tinbergen. P. Scvenster (196E) pointed out that 
in the stickleback, displacement tanning wn wine about by disinht- 
bition analogous to the example described on page 176. Two drives. 
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each indcswndcnllj inhibiting ,l i hi rd one. nuluilly inhibit each other 
in a conflict .iiujiitwi. Loose I heir inhibiting Capacity lhi ihp dim! 
which h then free so he discharged. 

n appear* a* if the dvokc of ihe icrm ’displacement" ^js pHiru- 
iiift: thus for a long time all preening behavior thal occurred in 
ci in ilici situation* was at once called •■displapcmcni preonmg.'' 9wl 
when ill reel I postures .ire exhibited in conflict situations feathers i«r 
hast hecomes disarrayed, which presents the proper sLimuli for 
grooming or preening behavior. 

In principle all displacement activities ca n be ex plained b y th e 
di$i nMhihoa hy pcuhesi?. 'TintRrg(ii 1 > hypothec* a* a basis 

:i.' ilcii'.ciiL .i. liv ilio- !i.i% :i.-l I "_"L-•! pf-m-d ->r Ji-pruv cJ [0 

dale. IJbsptac-cmcnl activities deserve our Special SHStiliOri btttitM 
they are interesting in theraischct ijirdependcnr of any interpretation 
of ihc-.ii internal mechanism. 

When a releasing stimulus simultaneously activate* and inhibits 
a behavior pattern, the result need not aJways be a conflict move¬ 
ment (B. Cnirntl 1949a k .An animal that tc attacked or threatened 
by a higher-ranking one does rot necessarily challenge ihe dominant 
animal hut redirects his aggression against a still tower-ranking one. 
wini in turn can pass it on M. Bashjck and others (I9S J 1 proposed 
the term r&direclioti iKtivUies, Another example of re dire cl ed be¬ 
havior te the grass pulling of herring gulls in border disputes, whkh 
linhergan originally interpreted as displacement activity. 
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vWui is nxiiiL Oh inheritance uf behavior has been discussed in, 
detail 1pp. E^IT.K l>eve lopme nl j I "Nucnnr.o " .ire passed cm Hum 
generation t o gflflUm la ih e aennme. They determine ihe pro- 
spccn vc rsotcohals. no t all of whiKti mav be a ctually rg-anrw^CTtat 
det clops l-jh he i u il lc r:L». J S'/ IhTjeitvifdiunaii 11 a m.n e*riain 
degree bat not in all directions with equal nugniLLide I n slcad . 
rane-r s~o] iiwJtFlTEI IHt JIB IhIhhIHm] Tie !o 3o-pasl can dctnunMrjic 
iBhtfiima in stv aal wm {pp. 22 and l£”t t Jut' o| thc*M possible 
wans istffiifadng of the mura* of inherimicc. hut the genetics of 
rixed action paiterns has not beers scry well studied More is known 
about the uticlics of movement anomalies in dancing mice, shyness 
and aj^jresiiviis m mice .md dog races, the fighting prowess of rats, 
and soon. The reason for this dearth of studies of fixed action pat¬ 
terns may be that species and subspecies which afe readily crossed 
are gaMralK' ihh qu-nlii jiivd h distinguished in their instinctive move- 
menu. The observed differences often are quantitative, One ear 
population may be slightly more ready to fight than another: 
anew her mas learn a litt le faster iR. C. Tryon 19401 l and m> un. 
These examples arc presented especially in the books by J. L Fuller 
and W. J4 Thompson. (I960), as -well os |. K ScOM and J. I.. Fuller 
i Idbik all of which deal wuli behavior genetics. 

'I l-.eic is u_ViiiLiUi tendency to truce behavioral cilevts lo genetic 
effects on se nsors organs and adaptive morphological cb a.tjcte iiuics 
TKirwrtaffily huJds true in many instances, The preferred tempera¬ 
ture ranges ai various races of mice were ecpbinvd by K- Mertcr 
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aiul k Sgoitiiia i lylhi lis a result of dilfcrcrtcs in sLm characteri- 
isMl> of these unmiah Undoubtedly there esisi many plebotreipic 
ellec-i" < i' -d'ii -c and mfltitf organs, but from the point «(f view iifhc* 
hack* pjiwiMS such tiisdines aw rather "irleial," in the words of 
E. Cispmi II is more interesting Id tra ce the in heritance of 

i.|it.dn:ms cLy different died uclitw pauirtn ■. uTclosch r elatedT Tpgcitv 

X 1 , r Oilier r Kh c i'!> crossed the parrots Agapornii roseieatfti and 
i tuih±'fl. which are well did me in died by the maimer in v. hkh each 
species transports nesting material. A. imeitotlii tueki strips of 
nesting material sin from leaves or paper under the rump leathers. 
Vi Itis-li have small hoofo and can hold them in plate. A, JirrM 
carries the nesting material in ihe hill- 'the F t hybrids cu.i strips 
I'rssm leaves in ihc manner ol iheir parents and. try to luck them 
unslef iheir rump feathers, usually failing. They show ihe usual 
tucking movements, but do not let go of the strip, After repealed 
attempts they linaily drop Ihe nesting material and eut a new- strip. 
(Men they perform ihe lucking movements at the wrong place, 
against their breast. say. or they Jo not press the Feathers down 
tightly enough against the tucked dii strip. Finally, the move men is 
of tucking in nesting material often chance into those of preening 
ihe feathers, or the animal carries th? scrips m pts bill, and even. 
Lually gives up .dJ uiiempLS to carry nesting material by lucking ii 
in between its feathers. Ihe hybrids show a mixture of behavior 
putcerns; uriforiucuicly. they could not be paired, perhaps because 
I hey arc 'terilc. 

(i. Cbehc {m2) tressed iwo rates of neroalbda Rkubdiii* iatmw 
itietti eft and H. i. itittmvitl&i. Only the falter 'how the v>.ca I led 
"waving” above Ibe subslralum wiLh she raised anterior pan of Ihe 
body. 9 behavior pattern Ihut results in contact with ihc carrier 
insect. In Mil- F, geiiL-r.iiion all animats show this behavior; ihns 
ihis ■’■waving” is dominoiu. &a eke rowing with the recessive parent 
res u|led in some animals that "waved” and others- stun did nm, w hich 
indicates monofoctonal iiihtritaflce. 

El. Claris. L K, Aronson. and M. Gordon t E<?54) crossed the plais 
\ \iph»phut/\\ rtuitukiius) with ihe ttreen swordtail | Xiphttphann 
JjefA'rii—two fish ihuit differ in some Jcspcci in Lheir reproductive 
behavior Ihe results indicate a pelt genic inheritance. The same seems 
to he the ease in ihe finch hybritto of R. A. Hind? £ 1^561 

Qfjpestal inte rest arc the invesrieaikms of S. v . HC munn-Ht d. 

119S1 I niinfl enrt it 3 mndd for el holnj;k'ji I gen etics. .. 

able to cross two l lovely related; species of tfkfects iCtyitm tuirtprutii 
and G. himui /ifuruu. which differ in several behavior patterns qujn- 
Hialively as well os qualitatively, and Rls trace Lho inherim nee of 
behavior patterns through the F, and F ± generations and through 
batrliCTOS'Cs. lour behavior pa I terns «vk investigated. Antennal 
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vihr;iLion during 'lie poMcourLship period arid tars.d insist* art- only 
qualitatively ili^erenl, GryHur bmtrmkrtui r Sights little nr not nt All 
J he ing [Iia juvenile period- Grrifwt rumpt^iri^ on (he ether found, 
lights very intcmivtly. lilts characteristic shows mniu^ttodil in her- 
itnnoc. as docs she amcntisil vibration in llu ptMtina(ir,e courtship, 
where boils s|Kcia Are only quantitatively diJL'crcni In ibis respect. 
The pcndulutnlikc movements of (he Iharas during mil in e are only 
seen in cumptztrit, and in respect to chi- character backcrosses mda- 
cnle polygenic iiiheriljii.ee. However, ihe vifidulnUrtg sound* preceding 
courtship* which only occur an NmacNfaws. seem to depend only on 
one pair of alleles- 

Also of special interest ore the more recent invenigatitW-v of 
W. C. Rodieiibuhler (]9(j;fi. He crossed lwo d.il5"ercnt races of bees 
which differed clearly in (hear "hygienic” behavior. The hygienic bees 
opened cells lhal contained dead pupae and removed the dead. The 
nonhygienK bees left ihe dead pupae in Ihe closed cells, When 
Ktuhenhuhlcr crossed ihe two races he obtained an F, generation 
which contained only non hygienic bees. One F, queen produced four 
dilTercrrl kinds of drones. When the K t general ion was baeke reused 
with the hygienic form Rotheeibubler Obl&ined an generation (hat 
contained four group* of bees. One group was hygienic. Another 
group opened cells, bul did not remove the dead pupae. Another 
group did not open the cells, bul removed ibe pupae when (he cell* 
were opened, the las! group was nonhygienie.1 he* groups occurred 

in ;i p pros i :;i,i I civ equal propurt. I lie hilii/nlaiKV ■. ! :l;c hch.iv :ui 

patterns of uncapping (u| and removal of pupae (r) should then cash 
depend on (he homcstygolic occurrence of a recessive gene; 
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The backdOtt of ihe four kinds ui drones obtained (UK, ur. 
Ur, uR| with a queen of (he hygienic race (uu it) resulud m the 
following 
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Igi GFmeitCS OF behawqr patterns 

It is im>i it> hi; eripL-eted ili.ii Hie com pika ted nciLranal median bin 
umlefh iiig <iu behavior pattern* cf uncapping and removing i* de¬ 
pendent fur it 1 ' development on deriving from a single gene. Indeed 
unhygienic workers in rare ease* pgrliirm i hr hygienic ittb itiPc when 
ilie iiimvlip situation b very powerful. Bui the threshold of Ihe 
uncapping pattern is virtually determined in in all-or-rKUhing fashion 
by the allele* U arid u. 

1 he investigation of V 2 male hybrid 1 -- between Millard is Mnnr 
plaiyrhviitfidH and Pintails < 4 wt airuro] revealed a rignkfltiuM posi- 
rive correlation between Him inheritance of behuvisiral and plumage 
diiriLiefistirb, i iiditatiiiii j genetic control for bolh groups of c bar- 
ad wbiiev depending on relatively few genes t.K. S. Sharpe and 
P. A. Johnseard I9M). 
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General remarks 


Before evolution of behavior pattern* can Ijlic place. there mu'! 
first <xpil j genetic variation in hehavior oh which ruiurjl selection 
can act, A. Manning (I9*lj was able to change Hie lime between 
the first meeting of male and female fruit tlics {Dr&iophifa 
ftuitfl and copulation bv artificial selection. I k produced populaiiou- 
spcL'slic con nship periods of SO minutes and 3 minutes. By rigorously 
destroying intermediaries between these two populations, lie created 
a rep reductive barrier whose members picfcrred One another. In 
Dwaphita obteura positively or ne-catsscly geotactic populations can 
he obtained by appropriate siHeetiijn (additional samples in A. 
Manning 

Each behavior pattern that chances Use selective value of a 
species can tmState a phylogenetic development and can be subject 
to adaptive changes. It is run necessary for Lhem n> lx- always new 

nvjljilions of behavior patterns M ::••• ‘-.•havun part loins ••iliu.l-. .ire .il 
first neutral with respect to selection, which esist as pleiolroptc 
clfeeifc, may become subject to selection when the annual changes 
its habitat Of when the environment chances. In retrospect this is 
often called "preadapialion." 

H. F. Skinner <19661 wriie* that adapted nc« is not always the 
irrefulable proof that a prvxcss of adaplalioti has in fact lalcn place. 


me pHviCKUNfcrtC DfivnoPWEFu of behavior rutltMtt 

Behavior p.nivrrii*. maj he udvantageous by chance without. being 
selected liif. This irj,uinei4l seenn to be based on the premise ihat 
Hit process Of adaptation cakes place in many adaptive step* and 
.aim* low,inj i ipt-Jlk adaptation- Adaptations arc present. however, 
vvli 4 .Tii.-s if a selective advantage. however small, resells from their 
pri-ifnrf, Measured in respect i® swell jdapliliw che r?suli may be 
more Of less adsolUagcous, and when they rim appear they always 
utviir randomly. Adaptiveness is defined and measured by its >cke- 
live advantage, H<™ tin* came about is irrelevant. 

J. NkoLai (WM) hue advanced an hypothesis that might explain 
Jio 1 * lhe bond between widow birds ;jnd their hswts, which is based 
on traditions and mairttained by imitations of Lhe song of the host 
species by (he widow speeies. has led 1 o lhe evolution of different 
raves iii this group, h seems lively thru She srtrtg dulccts dial tuft he 
demonstrated in various songbirds led to a certain cl ho logical isola- 
iiiin ut ihe various bird populations, which then led n> an evolution 
of subspecies |C. tv Be neon <Wg: G. Thicklic I 9 GI. I% 4 : k. R. 
Matter and M. Tamufli IWj. Dicst sjueicious muse si ill be oprri* 
menially icsled. In a sintiUir manner, imprinting lo a certain biolop? 
<?t ir> u specific host plant may lead to a new development. The 
idmeumcm fly .Vtmrriiii cojtcjcjhj nnruijily deposits her eggs on 
ihe caterpillars of EpitfUia moths, which el recognizes by odor. IF 
one artificially raises ichneumon fly lanacon caterpillars of .Striiphura, 
wasps lh..vl deeckiped from ihese larva? will respond 10 iMipteta 
odor when they arc ready 10 lay eggs, preferring 1 his odor Lo 01 burs. 
,1 It hough Ihey si ill respond mosl Mnongly lo Kphtsiia odor |VV. II. 
Thorpe and K FI. w. Jones LShS 7 : W. H Thorpe I 9 JS|l The fruit Ay 
can similarly he imprinted co peppcrminl odor during certain devel¬ 
opmental period 1 {W, H. Thorpe X^Viy 

XVe already discussed how selection dilfereiUiates already existing 
movements into expressive movements. Rcharittf pancros probably 
often initialed a new line of development, thus functioning as ’‘key 
cliariiLieristics" (□. v. Wahkrt 1957). This can be seen from the 
foci Lhjl in many instances closely related specie* arc more con- 
sp.i.iit>uslv disLingiusheiJ from one another in their behavior 4han in 
1 1: liic motphologv. so that some times behavioral characteristics are 
used in lhe classification of lhe species. The dragonflies of the genus 
for L-x.oiLptc. e-iri euiilv he distinguished. because they s-ii 
only sin ihe iwu pairs <kT bind legs, while Lhe front legs are lotded 
against their plethoras (K F. Budiholt 1957). Two very similar 
Vcryir specks no easily he distinguished hy ilteir reproductive 
behavior <R i Smith 195S). Two species of butterflies dtlfer in the 
manner m which their caterpillars spin their wtoons. the time of 
mating, and the ■.■.LlOu-i of fond (C. P. Hmskim and L. V Haskins 
I95H) And Iwo gallflies arc distinguished by their hkul plants (B. 
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SioLls I95.S). AM ihcK species s a n be determined morphotogiva lly 
only with jrcjl d iffi^ulty. Such species. which are primarily dtelra- 
<:uLshL r J (ty their hchdvmf. are culled “ctlujspevics" (A. fi_ Emerson 
195$). KvhavioT paLEern* frequently seem to be IV "paDenTaters'" of 
ecru in chradcriilie, The rallies of the rattlesnake and Ihe porcu¬ 
pine evolved on (he basis of an already present movement. 11 is alio 
possible lliat different behavior in separate populations of a species 
can Lead is a diverging development, even if these Mwii lot patterns 
arc initially learned and are maintained by 1 radii ion within the 
group, C. v. Wahlerl (l%2) described the dirierential behavior of 
some Mediterranean lish or (he same species which occur .is cleaners 
in one area bill rot in another, In (he Bed !sea the white-spotted 
damsel lish XJwn - VAis iriniticitluiHS lives as an anemone iisli between 
the tentacles of the giant anemones. Near (he Maledive Islands and 
the Nicobar Islands only young fish of (hi* species live near ane¬ 
mones. but (hey avoid contact with (he lent sides. The morphological 
differences between populations which behave so differently are mi¬ 
nute. but (hey deafly differ as clhospecies (I. Eihl-liibesfeldt I964<). 

lit this eacncclitm Hie formation of riles in man deserves aiten- 
ifcm. Certain elan and tribal habits separate groups of people very 
eheflivdy, .Jo lhal E- H, Erikton (1966? aciuaffy speaks of^Kwle* 
species.'* Thus (he tribal laitoos bind tJie Individual Altivjit to his 
group for Ibe rest of his life, It is very difficult for him to emigrate, 
because an individual will always be recognized as a stranger in 
another group fP, Fuelu ]9hT>. 


Concept of homology 


Behavior pattern!, can be compared Mi each other like morphological 
characteristic*, and in I his way one obtains sequences of similarity 
gradients which can bo used to reconstruct (heir phylogenetic devel¬ 
opment. Earlier in this book we tried to trace Ihe phylogenetic his¬ 
tory of several expressive movements (p, 98IT.s But to do (his one 
musl be able (o distinguish analogies from htnrtolocurv, so ii seems 
advisable here todisctm the criteria of homology. Behai ior patterns 
in general do ncU leave fossils, so we are dependent on the com, 
parison of living species when we try to reocmsi ruct the evolution of 
behavior. Only in very rare instances is n possible to order the 
products or animals’ activities into a phylogenetic sequence. Ht. 5. 
Schmidt (1945- IDJSi was able to do this with various termite nests. 

In general I hose structures are called homologous w hich owe 
(heir similarity to a common origin, nascent in most eases implies a 
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Jires-L :■ tnecLc reljlioftihip. wh^fe Hi* information, which concerni 
ihe adaptiveness of lM hchavior pattern in question, ii passed on 
through !hc genome. The homology criteria dial are given below, 
however, only allow us to «ndwde that inform alien has been passed 
on. They ear <En no more, and they are especially unsuitable for 
101111114 the distinction bdwevn innaic and acquired characteristics, 
•r. is shown by language homologies. Hcwifiodogjes which sire passed 
on vna memory have been called hwnofogia sf iradftl&it {W. Wtehler 
|*N» 5 uh a> opposed to the pttyfciir komutagfei, which are pav-ed on 
he ihe genome as the iransininer of the information. As no instances 
of homology of tradition had previously been known in the animal 
kingdom, this possibility hod not been considered uniil then. He- 
etnth. however, I. Nicolai (1964^ discovered song tradition* (p. 2*5, 
some of which even 00 M species boundaries (song mimicry. p. 2 S). 
For nseurfh dealing w ii It homologies Ji is only necessary that in for¬ 
mation emanating from one common source is passed on. It is not 
necessary for reproductive relationship* to be involved. The song that 
is imitated by the widow birds is just as homologous in the host 
song as Is Chinese learned by a European to that learned by 
Chinese Ihemselves For the assessment of homology M is important 
only that one source of information is tapped and that the animal 
did not individually acquire the information during its interactions 
with Ihe environment. Let us assume that a predator innately pon- 
MfSMfv the neck bile with which 10 kill its preyi then ii can be homol- 
ogiztd, with the luti bite of its mother and its sibling*. 'Eliis is atao 
possible tf Ihe mother eommunicjles this behavior in some way to 
her offspring. On the 01 her hand, if each yopng animal acquires 
this information. on. its own, without lapping one common source of 
information, rhc^i «{ speak only t>f individually acquired adaptation*- 
la ihe latter ease, the similarities would be called, analogies. Hie 
term ■'homologous Convergent" overlap* with "innate acquired" in 
Ho- KMimer depicted in Fig. life, Wot until a behavior pattern earn be 
■.luiwni El! be homohigoiiis -and iitborfo (p. 22 y can we infer common 
ancestry. In the use of ihe term* "analogous" and ’'homokigou*"' 
wc follow primarily G. P. B a e rends {195&J and W. WieUec {1961a, 
l967b|, who took over the criteria of homolog;) from morphology 
1 A Heirune 1952) into ethology I see also K, O Urn her [I956|k 
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Rcmanc di3nne.L3iF.tie* three main criteria, In the t -rittriottej parr- 
ujm the siiBte receive position vxlihin a sirectu ral system mdtftitci 
homology 13. for example. -xith cranial bom<s. With respect to 
behavior pal terns the position in a temporal sequence is an impor¬ 
tant STiIcnLVit. If W‘r find a. rcvulji svl| Lie rice of similar mOvcnLcitt 
patterns—a-h-e-d-c-f-g—in Iwo Giosdy related species, and if in one 
species one of the dements appears somewhat more modified, lhan 
Hie spew rii- focal km uilhirt a iCiflpOfal sequence indicates it* 
homology. 

The t;ti lei iort of -/tier tic quality deals with formal sirikibf iLitS. 
Homology is indicated w hen mure agreement is found in. individual 
eharaeteris-lics. However, we already know from morphology Lhat 
adaptations to specific environmental conditions can develop indc* 
perdently, which then are analogies such as the fish hie form of 
IL-.Il!,"-. marine rep I ilex -i ilJ izi.nme iiLimlihals. "Til j* CfjlCfidA will it 01 
suffice alone, hut it is more likely to he valid in the study of expres¬ 
sive movements because their specific adaptations axe mostly not a 
response to Ihe nonliving environment Here the ethologist arcus's 
similarly se> tlie eihnoJogisL. who dies not necessarily interpret Ihe 
similarity of stone aves from European. African, or Asiatic stone age 
peoples as evidence of a common cultural hcrilage. The form de¬ 
pends on Ihe function; hence convergence can hardly be excluded 

However if he Imds the words ntire, itmfef. mMhee, Wittier, 
mail. a. and m&titt with the same meaning in the languages of 
different people, then this indicates a commun foot, lit a similar 
fashion one can consider the esspressivc movements of many animals 
as phySt-igriieLiCilly developed “conventions." However, many more 
simple eapressive movements frequently come about by convergence 
tp. -97), for esantpk. as was shown fey the invesii^aiionj of Wictter 
with respect to the nLtd swimming of cleaner lisfies and their ntmncs 
tp. nov 

The criterion of iinknge hi intfmwdiatf fanw i s of use whenever 
inch ooiiTtcctiag transitions arc found. In this way quite dissimilar 
behavior patterns c,ui he homologkcd. The intermediary forms can 
occur duiirig oitiog.«iH-sk and then it is possible to trace the gradual 
change of a behavior pa Hern Wore this not ihe case, these inwfntcxliitiy 
forms must have been derived from systematically dtfldy related 
forms. R. Schenkcl (Id5t> used this criterion in his interpretation of 
the courtship behavior of pheasants (p. IftJ). _ 

As jit dw-cijlwrf ifiu*fuvr nine can use ihe stalcnicnl Hint even 
simple behavior patterns are probably homologous if they occur i-ii ( 
a large dumber of closely related species* and I hey arc probably not 
homologous if they occur in an increasing number of unrelated specie*. 

Serial organs can abo he compared. such as Ihe mandibles and, 
walking Legs of shrimp- The gradient of similarity indicates ihai the 
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inaiidihles are actually modified lc£^. Such inSLy rices OF -serial tio- 
mrslagv are called hotttononiy. In rcs-peet il> behavior there are two 
p s'-ibiliLies for homonotnY. according bn W. Wktkr 11 96J. 11 : (I] the 
serial homologtMis movement’. of the legs a ad of foe mandibles 
derived irum them, and £2) foe various mevremerm* of one organ 
which have j common origin. The "’carpentering'" acLiviir. drumming., 
and lapping of 4 wwdpcrfier that wants to be relieved fit™ Ihe 
ne>i are all homonous movements. 

Attafo^its esisi when a be bn nor patrem is found in animals 
which share a specific wav ol life ^carrion eaters, predators) lit m 
mhabilanis of a specific biotope (ciilldw-elkrs, Lree or desert inhabi¬ 
tants! independent of their taxonomic relationships. Analogy is a bo 
indicated when the original form of the various species, whose 
similarities ore compared and which live similarly today, led a dif- 
Iciljil way of life in earlier limes, t>uL did nm $how‘ the similarities 
in cjuesrion. 

A number of bottom-dwelling fish from several families devel- 
oped uun ciemg adaptiitinn-. in Lhcirbcbaciorl W U'ickler 1957. I95-8-. 
[939. j%5ej. The convergent adaptations of fishes that live in rapid 
talers are most impressive { <Vq- rotnv.~fl JtiAje and AF tymal-opierida-e). 

The former »■« descended from the CttAtUbtf foe latter fwnw foe 
Cypriniiioc in Ihe narrower sense. Bui the convergences in shape and 
behavior are so d*se th4t the members of Kith rami lies tit One time 
were combined in one category. Roth groups of animals have iwo 
separate pectoral tins of large size which enable them lo adhere 10 
the substratum. When foey breathe, water is pressed under ihe head 
by the strong eountemirreni. which the fish pump uw-av by very 
rapid fanning of the pectoral hrw or the rhyihmically besting pet., 
lefior wvlion of the pectoral lin. with the resuk that ihe water Hows 
faster htneafo foe fab, This reduces foe relative pressure, which 
enables Iheru Lo remain In place without being swept 3 way, Iscverul 
spccits itfCipiiitfcr, fiotnafopStridat, Gmiromyzivtitiac, a rid SHtitMa* 
base “invented'" this ntcehaniscn indcpendenitly. although they de¬ 
scend from fish which did not possess ihe rhythmic maventem of 
the pectoral fin |V\ Wkkfcr I96flb), '[he manner of drinking by 
imms-rvitie. the beak and sucking up ihe wait* :n pigeons, ijndgrousc 
I i’urrtubs'}, a ad put-tailed sriitdgrouse (ij/rtorpre j}. which had been 
thought of as bumoJogouc w as shown 10 be 40 auakgOUS adyplu- 
Lion tn life in arid regions (W. Wickkr l%le). This same "i nee mi on" 
was alsa'i made by Other groups of birds, such as Ihe grasyfindies. 
Ii h not correct to oonsldcr sanJgiviisc and pin-laikd sandgrouse 
as relatives of pigeons because of their manner of dri liking. 

fiiniioietngm arc analogiev that have developed from the basis of 
an homologous structure, '['bus foe flipper of a whale is homologous 
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with the wing of a. penguin with ru-'peci HO sertebrate extremities. 
Tin.' idiplilkni » a flapper, however, is an analogy., because ii was 
indrependenily developed. 

E>escrL cnict < GcrAittrilar). desert k;i ngarou mire {DijNulislaet. 
bares ( Lrpwkjof), several specks of micc(AfHr^ir). and 01 her rode ruts 
drum on [he ground: w«h Lheir hind legs when they are excited 
(aggression or escape), which is probably a riluilbcd intention move¬ 
ment to jump (I. Fibl-Lihesfcldt 1951b. I 957a |l These animals evolved 
Ibis behavior independently of one another, but certainly on the 
basis of the brimoJogous busis of the jumpirtg-ofF movement Many 
or her threat postures owe their similarities 10 cimvciiicn-t evolution 
Tenreo [Kcltitwps itffairi}. tree shrews [ fripiiiw^urrsdsi.Vcmruv 
vulgarise dormice (Gtis gin) and Lhe hedgehog {Erttiiictm rnr&paritj} 
threaten when I bey arc disturbed from Lheir sleep by hitting 41 the 
disturbing obftcl with sudden stretching movements of Lheir forehnibs, 
accompanied by shrill hissing and screeching. In tree shrew*, and 
squirrels the young already behave this way while si ill nalicd. The 
similarity of the movement* can probably be explained from Lhc 
function of frightening the aUieLer 4 s well a* by the fact that 
identical homologous origins from defensive and breathing movements 
served as the basis for riUtaUsttion, 

Hissing threat sounds have evolved corwcrgcftily in many verte¬ 
brates on Ihe basis of (heir homologous breathing patterns. In an 
analogous miAdnef behavior patterns of ca re For young f social groom- 
nag, feeding, and so out and Infantilism* repealed!*' were changed 
in the service of group-uniting functions (see also p 1(H), 

If the criteria of homologies discussed above are considered, then 
behavior pattern., are of great taxonomic value and can help to eluci¬ 
date Lhc natural relationships among, animals. We refer in this eon- 
neetion WS the Studies of the Artatr&K by K. Lorenz (19411 and the 
investigations of *■ Faber (1953rt. 1953b} and W, Jacobs (1953a, 
1953b| on locusts, U- Wddmann (1951} with fruit ?lies t,I}rosofhitfti. 
I. Crane {1949. 19523 with New World mafttids and jumping spiders 
(SflAfttito). W F Blair (1957a. 1957b. 1958} with frogs, G. K. Noble 
(1927. |93l) with amphibia. ), Nicolai (1459b) wtlh verms, G. I’, v. 
lets (I9fi3|! with pelicans, and P. Leyhausen (19561 with eats Ihe 
detailed invest igatioit of tree shrews ( Tupaiai showed that they should 
be considered a separate order (Tupatoideal rather I hart included 
among the primates, as they have been (It, Martin l^frGu, l9fcfib|L 
Ii would be difficult lh assign them to arty other c.sisring order 
because they share many characteristics with rodent, rabbits, and 
m&nupiab- Additional example* can be found in W. WickLer \ tdfclh. 
1967c). XViih respect Lo the awesjmenl of body form and behavior 
there esisl opposing, viewpoints. D. btarck (1959:47} writes; 
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Tc asi'jm.j .■••t-sj-y ruHimns-H.pa on n» t»i l O'! b«h*wOr Ml If ns fl noi 
jal ><i »Ol» wnefl inc ig* deady wmrudici 'nnrpbo'ogi«l CCHHH*Hll OUS. 
r»r* maiheds ot rn&'pHriHagy will Ihcfs'cia remain the basis r-t iho natural 
SYSIwi. Hi lutvserrtijnml ngmhcanca >8 b*»£j on llso FACE 1h41 it 11 Ihe only 
memoif apsMif-30*S IP loss ! mwtfial. 

On the other hand, E. Majr {J9?-S:J45j states: 

IF there i 2 £<inll>fl hiiieii« ihSS Sviijflftc* pfQndMt bir ntOfp*K>IC^«al ChB*. 
Aewrt and 1 hat ci bahMtor the tjuDMirniit is irtcwas ’■•gV ;oidined to gis-e 
greatur wesghl tb the Atbfilogtfiil evOenee, 

It s«ms 4 mIvi mbit (0 Mfce it position somewhere between I hew. 
In principle, ta'conoinac relationship; based on morphology should 
agree with (how bawd cut behavior: otherwise one or both art apt 
to bp wrong (N. Tinbergen 10S|). 




F>yurt tOJ MiHCinfL 

had sequence el ih* 
•AWM «- Sho-jv hg 1 hy 
SI4fM«tt toptotW'Wii 
ot iihe c*hr*a team cry 
lh* Jr*>#n as, vteafwu 
a '.to *..■■ u v ir.a 
tus: e„ Cisrswt. lEt- 

ptanalKMi «s ittfl igit | 
iFrhm G. f»mhr«<». 

I196IJ.F 


Historical rudiments 


TJicir oricuntil function of behavior patterns cart change if Lhert is 
.1 hasie change in Elia way of lift of an animal They may either 
js-sumc a new function or may be returned in the old or lillle chanted 
finm a; behavioral n/diments, a; lone a; (his is not of an. immediate 
disadvantage for the specie*- The ttump-taikd maeaques i.VdaKU 
ijPrrinwj, St orcmrft-t. St. fuitma T and W. mourn) perforin b$ lifting 
move-menls wiih their small Fail stump, which of course are not 
actually effective. It i* petfibk to release flying movement* in 
uM riches (.Vcwcfosb although these animats have noi down in millions 
of years i I. Krum hieg l-I 3 940JE. 

Rusa and Dy bow ski deer and elk threaten by displaying a 
rudimentary organ The oEdcsl deer 1 lower Olagoeenei possessed no 
jjiLlers. as with Mairfau. ihe must primitive livanc deer today. All 
Of these primitive deer species, including she muntj.-ic (.Mwiifaffij). 
possess elongated upper canine teeth for slashing that are used in 
lighting hy .UWAjm and muntjac. They display Ihese weapons when 
making threats, walking m and fro in front of an opponent, nodding 
slowly, head raised high, grilling iheir teeth., and retracting their 
lips so that the dagger life teeth are clearly visible. In the same 
manner Rusa de-ct, DyEtowski deer, and the European elk ihrenten. 
.although Iheir Canine teeth are reduced to smalt structures and they 
use their antlers when lighting |0. Antonins |^J»; sec a 1*0 Fig- 107). 
In the process of ritualiution of the courtship of grass ftnehes one 
sail trace the change of farKlkm and rudircientnlion (EC, Ijnmelmann 
lyHi^b; M. F, Hall l%23. Carrying nesting material for nest building 
evolved into the male courtship idiom using grass siems t his was 
-igjsn secondarily reduced in some specks and became rudimentary. 
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while ji ihe ijinc lime she wag. which origiualk sen eJ the function 
of siakin^ out territories, also underwent a change in functkirt- Ihesf 
animals arc gregarious and arc hardly territorial. Instead ofoou-ninj 
with grass stems, there males sing softly while sitting next (o the 
females-. In ihe genera Baihiida and Atginrhtt nulcs are unable Id 
court without a grass Wade in their hills. They hold it continuously 
arid perform various derived nesi-bin Idli ng activities uiihqul aetualiv 
building. Eventually Lhey give Ihe blade of grass to the female. The 
males of Snvhnio use different material while courting and in tire 
actual conn ruction of ihe nest, This d emonstra res convincingly ihaa 
courtship with grass stems ha* acquired independent motivation. 
The Lanchura species earn,’ a stem around for some lime before 
cOrtlErtertCing 10 court. although they actually court wiibont it, while 
Avfattosynr siilll mes a item in the in ilia! phases of courtship. 
&nbima merely peeks at stems of grass; Potphtla pays no attention 
to grass blades, although on occasion courting wiih grass stems 
occurs as a behavioral rudiment, as well as in young males. Marine 
■guanas make ihreals by opening, their mouths w idr. ailhuiigh thev 
rwrmally do not bite erne another during lights. Mam birds threaten 
wiLh widely gaping mouth*. even ypecies that actually anack with 
closed bills, They use the pJiylogenctiejlty older intention lo bite as a 
threat display , I he blue-footed boobies of dir Galapagos Islands pass 
nest material in the fdnn of small Slones between each OLher during 
the pair formalism ceremonies although 1 hoy no longer bailet nests. 
In alt these instances a behavior pattern sunned an original func¬ 
tion in the form of an expressive movement. J4udimcnts that no 
longer have any function also exist. 

The redheaded finch (dMtmfeto mthrtKtphafo) is a nest parasite 
which uses the nests of other hirds and no longer builds its own, 
When silling on a non. (lie bird stilt performs all the nest-buitdmg 
movement bul in a randomized sequence. It reaches over the edge 
of the next and “grasps" and polls in noncxisling nest maLcrial ai 
if Lhe bird were actually building (J. Nicolai, personal communica¬ 
tion). Ground-nesting birds roll in eggs dial lie outside their nests, 
hut some birds that nesi in urces also da this. These were derived 
Oram ground-nesting species and still possess this behavior as a 
rudLtiiL-ni tH. iViulsen 1955). Wmgleu hrmophikt mutants perform 
wing-cleaning movements, as do Ihe wild forms (II. ). Heim 1949). 
Several termites construct covered tunnels thal end tn CuIshJc-kic 
lhat are not used- In a similar position one cun rind passages in 
closely related species which stall serve a function tK. S, Schmidt 
19^7. |9S8> 

We have already pointed out tp. Itil) that cultural riiptiMiian 
in man shows remarkable similarities to its phylogenetic parallels. 
Thus we observe that certain objects lose their original function and 
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Hfl|UIK new I'u.nvtwin-, Or .hi; kept tin ah .1 incif rudiinenl We have 
ihuvr-.live biiLtOCIS on the sleeves of slliiS which were Ofigiiiiilly used 
U) builon 1 he sle™, In ihe same way ribbons on hats originally 
were used 10 fasten ih? hat (Fig- 108 ). Today the)' arc mere dccoRi- 
lions |L. Sell midi 1^52). O. Koenig 4 19 1 *£> collcvicd mttttitl tbai 
Jocumcnlh thkind of development, 

I he OalapdgfSi dove {Stttiptfia gafapntjiomsui shows j disintc- 
cion display near ihe nest, aLthough tho behavior, which is useful 
m deceiving predatory mammals, is. no Longer of use rn the islands, 
which until very recently, were free 0f such predators. In ihe same 
isLiirtdi t:. Curio (was able 10 demons! rale llial Darwin 
finches from islands IhaL are free of predators- responded appropri¬ 
ately when presented wilh them, behaving like JlneJies from islands 
where predators (snakes, raptors \ are present. These examples Mhis- 
(rale a kind of natural deprivation experiment (p. 19|. 

Sometimes uk cun cam an undemanding erf" phylogenesis by 
studying the ontogenesis of behavior, although il is true even in 
morphology that the biogenetic law—that oniogeoevis /ecaprlulutsw 
phylogenesis- is iruc only in about 60 pereent of the eases. There 
arc some good examples from behavior. The young heardcd Ijimouse 
at finsl erav.Es wiLis ail four limbs, which arc moved in alternating 
diagonal pajp (O, Koenig 1951}. The lurks, which are derived from 
hopping birds, hop when they are young but run when they are 
older. The young peacock performs his lail display and rood cal lira, 
hut when older Orth farts Out its lail (p, I04-). Voting marine iguanas 
bite one another when fighting, hui when older they buti ihirir heads. 

The freshly metamorphosed glaucotiiot of the coconut crab 
iStrguM Id fra) searches for snail shells m the manner of the hermit 
etah and performs Ihe same iked aclion patterns of testing shells 
and entering them as do (he gljiitodioC erf" the Jicirnil crab fijgwnrr 
tongkitrpui [[■. S. Reese I96fi| The shell pro Lewis ihe gkiuccUhoe 
from dessication during their migrainin on land. Individuals ihat do 
ruM line! a shell die. The pattern of shell selection, although rudimen¬ 
tary Mill fulfills u function during a short period of life. Older crabs 
do not need the prcrfL-etion of ;* shell [E, S, Keese 1965), Additional 
examples of processes of behavioral rudiniemution arc presented by 
E:., Curio (I960! and W, WkHcr ( L9 W>j|. 

During amJicLil marttpulalions in bumblebee nesls. A, Haas 
1 l%2, I'>65) w,n able to elicit older behavior patterns which are no 
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longer psrfrnncd bui whkh in some form or t>lh^r ure common ti> 
all members cif ihe genus t "generis behavior"}. 


Research on domesticated animals 
and the process of domestication 


Research cm domesticated animals also gives, us inti:retime Teach 
about Ihe phylogencSk development of fljtedj action pallern*: Hie 
arwreMW of our various races of domesticated pigeons ihe rock 
pigeon [Ottutnhii Ifrfo) —fKWH's'-es several characteristic courtship 
behavior pjlkrns. During site display ilr^hi the male dap! ils wings 
luudiy above its bade. After that he glides several meters through 
the ;iir niih his wings elevjied above she horizontal line of his bodv 
This behavior patiecn has been developed and changed further In 
i he jrtitioi.il selection of man {J- N'kolai (965b), In several races of 
outers, especially in Sleller's pouter, ihis clapping b so extensive 
and vjgowtu—in Mead of' *3 IP 5 claps in the ancestral form - 
tliai the ups of the primary fearhers wear off more and more from 
spring through the summer. Shortly before ihe molt orils .1 1 hirst of 
the vane remains on the wing flights, so that ihe bird's flighi is 
quite impeded, The position of the wings during Ihe glide is hyper¬ 
trophied- The wing dps Couch and the bird loses altitude quickly, 
In these instance* a behavior pattern has become ritualized through 
sekeiion by man. because- no prrdaior Is selecting against Ihis 
behavior. In roller pigeons, such as ihe oriental roller or the Binn. 
mgJi.im roller, Ihe gliding display flight has been changed, through 
selection into a continuous smooth series of backward somersaults. 
These somersaults can follow each otiui so iquickly in some indi¬ 
viduals that the bird seems to be falling from several hundred meiers 
high like a swirling ball of feathers The lall is broken just above the 
ground when the bird pulls out of iis dis c. I Ins is an entire! v new 
behavior pattern which dsscs not occur in the rock pigeons. During 
Livunship on ihe ground Ihe coding male tarns abnut it' vertical 
axis and performs a small jump when Lhe Female walks away. He 
may then clap his wings once or twice. In the German ringbeater 
Ihis behavior pattern is hypertrophied: Ihe cock llres tip clapping 
noisily, flies in a light circle about 1 ineter above the hen three 10 
four nntes. and relurns to ihe ground. This flying up has become 
a new display flight. Turning and following has been combined ihio 
a new behavior pa item. 

In the same manner new bchav ior patterns probably also evolved 
under natural conditions In the diamond liretad (inch the behavior 
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t >l hi 11:: 1 1 in' j gult to- the female i> combined with ihe HifsnUk beg- 
jinj; movement (fig 10*31 into j ewwtihip itionccneni The mate m 
first ttiLifts, ^ititnt uprishi. Iliokme its i.ul and holding a blade of 
^s.i' 1 - in its bill. When lbs female appwaehev he will bend hi* head 
jp« p in the p-i'''.3t(Drs ^hajacteriitie l-J the I ixsd-begging ptmimn pf 
ill l> 'mup ^iihoxiL Idling; a,o of the blade iJ S'ioofai l%5a. see also 
Fie. 110). 
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Etuvai"* l'OL'*V*l luiW ha.tJl-L Mhpn j nj >- 11*1 -r j-T“+r ihri. 4 '-i tr*S rr t-t 

»'» 04 iki*r ..■ mminim r»n adjii fc ofs eump i*^ qjjnve-t iseg -s*- g^toit i‘ 

On* |ng j.‘H cja: re»r-.:., nj ■ q i, >J|j» j 1 EtiMg-d Fntn. .&-/>''}• .-s# 

y*~*‘■-* cegt Jt-™! -5 ij--i- .i'lr j \ :o i -h x.^’ra - 1 »nqi.) 




Figuie ! I £1 t-.-pj * •••♦ 

Oam-r^d I’.ncO man 

f^!r r:t T>n i-.fo |,:| v»,!fr 4 n*ns 

d past (MS « (want's KO *nr«nt 

* l 9 .-n.lL» Ov h.» long *f >a coiell’^s 

9«t. *&* inns !| :f*n e^w « 

nn$ COS.Irtjn gl a Mgj.-g 

ism Fg, > 2 Be iAs* j. ‘•(col* 

[igci-s;. H KKh*.. *nat i 













Cm DOvtsnCATEQ ANIMALS 


m 


Research Oil doniCSliLattd SAimals supplies -^1 ilL more example* 
of chart jrt in behavior patterns. fighting cocks have b«n selected 
fur JggRHivtiitH: 4 oji have been wlwied fm vifiw (hirictcrisikf, 

Our domesticated animats have undergone a large number of 
cbiulgc* in betlivkxr and appearance odder the changed c«.w»OktH>n$ 
of captivity. These domestication characteristics in animals are si oil I ar 
to those of man (K. Lorenz Id40, IWJ. 1950a) and are ih.e- result of 
similarity changed sekcl ive conditions. 

With the protection of pens. Stalls, and other fenced-in structures, 
acuity of th e senses and physical ft mesa is less important than a 
high rate of reproduction. One result has been a breakdown of the 
finely differentiated social behavior patterns. Monogamy and high 
selectivity in the choice of partners impede breeding and are n 
selective disadvantage under condemns of domestication. 
wn*rs o w.y Ipr example. prertag gessa. a ta-ge ftifTtssr o' can- 

C iiofts pfiy&i tw V-Mleei before mo- • highly dftffliantiatiftd se*uat and la<r iy 
11* Cao tM da-xfc'OfMfiJ. ! *1 tu-Hic en| -n lh« PoTtv&r^atgo iQf<n 50 l&£k up 
:ogarh*i atiy iwu indvduils dt di^E'Ent s*xes ip bosons nrw. ng It Leraof 
19504). 

The selectivity of innaic releasing mechanisms has been markedly 
reduced in domeslicalcd animals. Domesiicawd jrcfem finches also 
feed nesilmgs which do not show Ihe spectes-spedliv gape nu rtifig.v, 
whereas wild birds are extremely selective and they also court very 
simple models (K. Immdmann I9h2ui. 

The wild form of our domesticated chicken, ihe jungle fowl, 
iOpMHli t* !ihi brood-care behavior only to chicks w it'll a very specific 
oolor pattern on th< head and back Chicks with deviations in their 
paLterns are killed. Such selective behavior wc find once in a while 
in Phoenix fighting cocks and dwarf breeds which are relatively 
dose to the wild form. Our domesticated country chickens, on the 
Other hand., accept chicks of all colors, bul read selectively 1o the 
calls of chicks of ibeir own spiffs, u? that il is relatively difficult to 
give them young ducks to incubate and hatch However, the most 
domesticated breeds, such as the Plymouth rock, will aecepi ducfcc 
lings without difficulty tFL. Lorenz 

Gray tag geese will rts*te only after * prolonged courtship period 
and remain monogamous with ihe same partner thereafter. Domc.ti- 
voted geese pair ofT without showing preferences and arc not mono- 
gaanops, While Ihe aggressive drive was often selected against because 
it w-;m. dtvrvplivc. hypertrophy resulted with respect to the reproduc¬ 
tive drive and calioe, The behavior becomes simpler, I Inew behavior 
vlunges are accompanied by a large number of physical signs of 
domestication. K. Lorenz pointed out that there is a tendency to 
shorten the extremities and the ircuk, to become Lit as well as 
a general weakening of the muscles arid connective tissues (Fig. Illy 
All these physical diarecterislicsof domesticaiioiican also be observed 
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ijl many iticnihen id cisilijEfd people*.. Furihcrirun'cE. ail civitifcJ man 
many of the "cardinal" virtues. such js loyally 1o lhe Family. tour- 
a ec. arid moral behavior, arc in danger. If someone tom mil;. uti&eru- 
pled acis which are barely permissible, he null gain a eeriairi advan¬ 
tage. He who produces offspring recklessly has a higher rale of 
reproduction, hiiL a society tan only Mitt ui long as the number of 
socially responsible individuals prevails Perhaps some of (he old 
civilisations were (he viciims or such a sEcgcneraiiom in Lhe final 
analysis. lltL- e degenerative signs, which are the resull of domed i- 
CJiniti. arc opposed by nor annate aeslfoetic Arid eiliicaJ value judg¬ 
ments?. according to which we disapprove the degenerative symptoms 
discussed above. 

One imr.i be csl-remely Carcfot, however, io distinguish between 
the degenerative appearances which are caused by domestication 
and domed icatcd characteristics The former haven negative selective 
value for the preservation of ihc Ipecks, The latter have a positive 
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selective and juJh pc juilhi » to specific ironnic-ntjl towli* 

lions. This, is true, for example. for the hypersexuality of man ns u 
result of domestication. which has sometimes been regarded as a 
sign of dec-ciKratHin, there is much evidence ip. (hat this 
hypersexuality serves an important function in the service of preserv¬ 
ing the bond between man and woman. By reducing instinctive 
behavior patterns through domestication it also became possible to 
clear the path for learning and education. This undoubtedly was a 
precondition for the development of becoming human tk. Loren/ 

mdv 

Commensals of man experience changes in behavior similar to 
those caused hv domestical ion. The various subspecies of the house 
mouse i v/mj muiathti\ cart hardly be thicnmiraied on morphological 
grounds, but more and more in their behavior. In their country of 
origin between the Caspian Sea and Lake N’mncdl, the subspecies 
%ttif tHuunfas tpififc&ts {harvest mouse) lives year-round outdoors 
and shows a hoarding instinct Two to six mice collect 5 to 7 lie of 
seeds which they store in mounds above the ground. They cover 
the mounds with earth and live- in nests beneath. These harvest mice 
ate herbivorous and lack the smell of the western European house 
mouse {.l/ns .iwrurahri domrstiaa). which lives as a commensal of 
man year-round and lacks the hoarding instinct- Furthermore, the-e 
mice are poly phasic in their activity and, similar to domestic animal}, 
they have their estrous cycle all year. The half-commensal central 
European harvest mouse i.tJrif mtatufut mtsathts) links both Ihe 
Oilier races. In summer tins subspecies lives out in ihe fields, in 
winter as a commensal of man t A. Pesietics 1961k 



Behavior fossils 

It is possible to draw inferences regarding the behavior of organisms 
by studying the fossil Iracfcs left by those which produced Lhem. Cer¬ 
tain behavior peiikrns can be deduced bom tracks left by feeding |R. 
Richter 1927; \V. Schafer 1965-1. If one sLudies Ihe feeding iracis or 
marine organisms during geologic liine- progress in the technique 
can be- observed (Fig. 111]. The tracks left by snails and nrilobUes 
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of ihc fiirtihfijB period a* well a* Uww of worms of lhe early 
Silurian pirksJ ium IjllJ uric of ihe scribbling of children. The jni- 
m.il- Mirtiisd to obey an impulse to move lidewajfS, ihus avoiding 
>i retracing ui previously covered ground. A more efficient use of ihe 
crazing .Lrcn I:-, achieved when grazing occurs m a liehc spiral or in 
n LiglliL meandering pattern, In order 1 ihaL sueb a spiral can be fol- 
luued ii is necessary in: Lhe animal 10 iji.ilju.iin li.uil.icc wji Ik ihp 
previously nude irack. If ii is Lo meander. Lhe dircciiem muse be 
changed regularly, W« can no*' observe- ihat the scribbling pallerns 
Jicappeji completely d ii i in l" die course of the e.ir Mi's history and 
iliac ihey .ire supplanted by spiral and meandering feeding paiicniv. 
More tompIkaCcj meander paiiems jn-d tight double spirals do hoc 
appear until Che end of the Mesozoic age (A. Seilacber ]*?&?>. 

The feeding tracks of the sedimeni-fceding fj«rr ii&fena showed a 
change in Ihe feeding tcehnuj|iie 1 h cough the ages which were cor¬ 
related wills morphological changes, from the Cambrian age to the 
Devonian agettHTO LO 35Q million years) Difirutitiru fed imnipdiakly 
below ihe sediment surface in a loose meandering pattern. Probably 
as ,i resull of numerous competiton. this species escaped into deeper 
layers of the sediment. where the breathing lube* which cun be seen 
in the sediment, became longer, Ac first they drilled into the sub¬ 
stratum and only then did they follow their usual meandering pat¬ 
tern Later Ihey began lo eat Iheir way downward, leaving a 
cortCSCre* padern. When they had reached lhe right depth they 
began to meander and their pattern became to changed fn the 
course of lime that the meandering paths were placed lightly 
afOWtd Ihe initial corkscrew spiral. 1‘Tnally Ihey gave up meandering 
ccmipkLely and bored iheir screwliltc spiral deeper into the bottom 
I A. Sciladrer |- , AfrT): tl'Lg. 112). 





13 THE ONTOGENY OF 
BEHAVIOR PATTERNS 


Embryology of behavior 


In 2 cncr.il an animal has its behavior pailems read)' for use alien 
they arc needed. As organs grow- and mature. so-docs their capacity 
to perform their function. It is much rarer for a behavior pattern to 
in ilure before [tie organ that is Involved in irs performance. Young 
graying grew will show- wing^htwcirig behavior when fighting with 
wings that jfL- yen nothing more than tiny stumps with which they 
arc unable to hil their opponcnl (K. Lorenr IMJ3>. Sluring onto- 
genesis, behavior pancnw develop gradually and overlap one another 
in time. Sense organs, coordination centers, and effectors can mature 
independently of each other and at different rates, as I he last example 
demonstrated. The interlocking of fi«;cd action patterns with the 
appropriate lat.es may occur Only after the basic patterns are estab¬ 
lished Thus newborn mice and Mts scratch at first spontaneously 
m the air without Touching their skin {1. £ibl-Eibehfeldt |9?(fci 
Some behavior patterns mature as organs do. whereas 01 hers owe 
their specific adaptiveness to an interaction of the young animal 
with its en viron me m or its own body {pp 2 Iff 1. I he development 
of behavior begins tn the emhrynnic stage, so that by the lime of 
birth or hatching a number of actions tire fully functional. Lillie is 
known about the embryology of behavior. Although W Preyer wrote 
a pioneer work on 1h>s subject as early as IS-S5_ ihcne was no 
follow-up for a Jong time. G. E. Coghilt i 1I came to ihv cnnelu-. 


aei 
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sion. folic™ irn: numerous, careful studies. thai behavior always seems 
i hi jppc.ir in well-organized pattern-. and th.it ■[ depended On the 
spontaneous activity of die eencral nervous system. In the larva 
of die salamander Ambyttoma. the undulating, movement firsl occurs 
j:i a Turning of I he head 10 line particular side only. In fishes it is 
frequently ihe same. Jo bird and mammal embryos we can also 
observe >oi increasing. maturation of movements. from die head lo 
ihe posterior parts of iJie body; the first behavior l hat can be recog¬ 
nized is a bending of the head. Soon thereafter follows a stage in 
which the entire body, lee>. vings. head, and inmk are aciive, 
seemingly independently of one another. In this "mass action” 
repeated boats of activity JoUm short intervals of resL. How such 
jctivity becomes in legrated into welbcoofeJinated movements needs 
to be investigated specifically. It appears certain, however, that the 
behavior of an animal is not. as W. p, Wjndie (L^O. (JHTh among 
others, thought, bull: up of larval reflexes* which become integiarcd 
as primary units of behavior into secondary, higher functional unils. 
because the initial movements are always of j tpeUnrcw nature 
IV. Homburger 1963. hXibj. A ohicL already move* when it is siiM 
a 3-day-old embryo, but not until the sevenih day of inciibaiiem 
can ;i response Lei tactik Stimulation be obtained, This interval 
between noutneiu and sensitivity was miled as early as 1885 by 
W. Preyer i ISWy 

It is possible that simple learning processes play a rok in the 
developmental physiology of innate behavior (p. 3Qfi. According 
to H. K. R. Prechtl and A. R. Knol tlsi.SSi later behavior in man 
is influenced by Ihe position of the embryo in the uterus as a 
fund ion of the relative freedom of movement of the embryo. Chil¬ 
dren who developed in a hcad-dcra n position showed good flexing 
and extension relieves. IT they are scotched on the soles of the feet. 

I lies pull up I lie kgs. Following, :l breech position I lie same iUrttului, 
will extend ihcir legs- and extension movements will later predom¬ 
inate in the movement repertoire of Lhe in In ni. ft Lie arc no notiet- 
able differences in the musculature, so these differences in behavior 
must depend On habil nation. 


Early ontogenetic adaptations 
(kai nogeneses) 


When a living organism is hum or hatched an egg U van he 
moie or lev, completely developed. Sometimes Ihe newborn animal 
is a miniature version of the parents and lives in much the same 
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way js the* Jo I in* is true for most i _-p>11!tru ,mJ In j certain degree 
for several pwoctal hard* and mammals (Fie. 11?k In rainy other 
insiincci the young does no! resemble the parent* and Us mode of 
living i* quite different. The difl'ereni way* of life of many larva! 
and imaginal insects mi frogs are well known. Many of these larvae 
possess highly sped Ik behavior patterns, serving functions such as a 
particular manner of feeding or avoidance of pred-slcws, winch are 
completely lost after nmenarphasts, Vt'c will vice a few examples 
here; Am lions build pits and throw sand at their prey (FT J. 
Niebucr 39b0K Larvae of the fly Araebnatampa fmtimia line on the 
ceilings enf caves in New Zealand. They are luminous and produce 
long, dangling silky tJircaJv which are suspended with drops of a 
clicks subsiarbcc attached K short intervals. Insects that are all ruled 
hy the light arc caught :n these Lraps and are consumed along with 
them (J. li. (jatenby and S, Cotton I9bt): V K. Wjggleswoetli 1^4, 
see also Kig. 114), I he butterfly caterpillar of Atihrta farnicautia 
builds several fences consisting of hairs arranged m w horls around 
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the hraivch. uai either side of itvclf, which protetl ibe pupa's from 
predators (Fi.y I li). Larvae of the Ion 2 -horned woodborcr beetles 
\Cer«mb-\xitla&\ posh km themselves tiost to I he surface of Ihe wood 
within their passages just prior to ihe pupal stage. The adult beeile 
is unable to drill through Ihe wood and would perish tf ihe larvae 
pupated deep within rhe ^wd. The pea weevil t Hntt has piii 1 ) neca- 
otorphoses within die pea, The developed beetle cannot eal its way 
to freedom;. ’his is done by ihe Lrva, which cats a passage up to Ihe 
thin peeling of the pea. Mae il gnaws a round furrow so lhat the 
heeds merely ha* to push ihe cover open front the inside (J. H, 
Kabre IS79-19 H>Jl 
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lis c«i the larvae of prim dive invertebrates can perfum surprising 
actions. "Ihe nematode (Dnirvtuitiui ritipwit) ikes in the lungs of 
cattle. The larvae, which hatch in Ihe bronchial lubes, emerge via 
the iniesllnal trace on 10 ihe pasture. Because onus avoid gruiing 
in ihe pnMimiity of leccs and ihe larvae jre unable to migralc. 
tu filler transfer lake* place in ihe foiltwing manner. The Larvae dim b. 
pewitiveh photcnaeiieally oriented, ■» the iop* of piLoholus fungi, 
which grow in great abundance on ihe feces. These fungi are known 
to projuxl a spore packet into [he air when exposed to light. The 
larvae wail on iop of these spore packets on w hich I hey are then 
shot out to land some dislonce away. Over 50 larvic have been 
found on one spore packet (J, Robinson 1462). 

The Lsffhrinn larvae of the leech iDlerwoefiwn dtnMtifwn} 
control the behavior of their Iasi inlefrtttdu ry host, the anls, Whereas 
most of the cercnria are in llu abdominal cavil) of Ihe ml, one of them. 
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*nh j dtETerem appearance mats ih? otherx ns always found in (he 
subesophageal ganglion near the nerves. ilui innervate the mouth 
part* Tin* “brain wnnn“ teem* to dim or the behavior of ihcr aitt* 
io that they climb upward cm gra--. ^lem* and (here hold on. '^tch 
chetr mandible*. This- ensure^ that grazing sheep will cat them #t 
thal (h? p,ira>iL? n safely delivered lo us host rw Hohoest and G 
Gracf? (MOj. 

Lanai adaptations if* revpeet to behavior are of various opes 
and are lost after metamorphosis. Whether iomr of these a bill he- 
are retained in some changed for* we do not ir.,™ but s! is lintnn 
that whal is learned in (he Larval *n« can b? retained through 
metamorphosis Mealworm Sanae (Tesehriol whidt 'acre ironed bv 
W v. Swell Du Vermay tl942i in a T maze retained the Learned 
habit when they were tested as b«rlei Pixie flies \ Dwfopfitfal 
prefer odors I hat were added to ihelr lanjl food itt H Thorpe 
1939): t £, Cushing 19411. 

Another intriguing observation that should be followed up comes 
from £ Fischer icited by R, FLereher [Jd4£]i. The pupae or' H-ptiU' 
mrfApwerf are enclosed in twy hard cocoons that jz« cut open with 
a thorn totaled al (he headpart of the pupae Two pupae that were 
removed by Fischer from the cotoon did tiel perform the necessary 
movements, but the fegiierdies performed them after haiehmg I hey 
stopped, with their head against the wall of their container pef r 
formed butting and sawing mowemonu as if they were going to cut 
a hole Normally, these butterflies unfold their wings nyht j/icr 
hatching In vertebrates we often And early oncogenetic adaptations 
m the behavior of tiah and amphibian larvae whose way of life u 
quite different from that of the adult animal* tarty ontogenetic 
adaptation seems to be the spevifr, nw-c meric **■ rditUCK r.- in--, v(d 
ir hatching of birds (V. Hamburger and R. Qppeahrcm I9b"t, as 
are the gaping reactions and begging movements of young bird*, 
whkh sometime* reappear in the behavior fepwtoire of the adult* 
* >4*-s'j|]ed infjntilivfnt tp I22i Sped be adaptions prcsc-.t soiling 
of the nest Jn the black woodpecker defecation is released when the 
adult bird ■stimulates the anal region of the voting. after *r eh the 
adult (imply eats LtlH Sielmanji I9 S*i Young he?.eaters walk baci- 
***rd to the ne*t wall and defecate there, thus keeping the center 
of the nest clean (L Koenig 1951 i Other young birds defecate over 
the edge of the nesi. The youag cucoo pushes its ne-irn.ite* out of 
the nest This instinct is evident from 10 hours after halt hung and 
tv no looter present J days later, 

Young mammals also possess a number of early ontogenetic ad¬ 
aptations. some of these animals art often born us v ery early slaecs 
of their development The young of Ihe great gray fcangiroo t* born 
a* a 2-cm-lonE embryo but i* able lo climb info ihe mother * pouch 
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unn iJ l;*J by meant of ns psrwerfu] from legs. Young numiuli 
iiiK’rt pews> o searching mechanism. a rhythmic head niuvemcm, 
which leads iu tlit leal When ihc-y suck, they chow treading ntove- 
menis with the Torepawt « hulling with the head imo the udder 
(H. ¥ R Prechll nod W M- Schleidl 1950. 1951: H. F. R Prwhl! 
I9J&; J. Adler, G. Linn, -and A. V. Mwe 195k). Young nuunnuH 
oflen Sum,- special alarm cilb, and can hold on when in danger. 
Pranaui«E> horn human babies are able It* hold on to a rope with 
.ill Court us well at hands alone without any aid- This, ahihiy is. later 
lost and may again develop secondarily (A. reaper 1951. 1961). 

Frequently young animals: can produce sound* w hieh enable them 
lo mainlaln contacl with (heir mother in a kind of dialogue, A young 
graying gosling will give a two-syllable wi.wa enlil from lime 10 lame 
even wI il'h asleep under its another, which she will answer. If -< 
gosling is kept alone I he wi-wi calls become more and more urgent. 
Such “lost calls'' arc widespread, and human infnnls also have them. 
Thus nightly unrest of the child comes from a phyingerteticaHy very 
old need to he reassured by I he presence of the mo-lher. To be left 
alone meant the greatest danger for the breast-fed infaait, and ibis 
crying was a contact call which alarmed the mother and aided her 
in liridjng her child. Today »c place out children mtu beds, hut the 
old mcehanism is still operating, and the child seek'- to bring about 
the calming contact with I he mother with its crying. The child can 
be Ciilmed dowu bv rocking dr by providing n with a pacifier, which 
is a model of the mother’s hreasl (A. Pei per 1 951). 


Maturation of behavior patterns 
and "instinct-learning intercalation'' 


New behavior patterns are built up ^ Ihe resull of maturation 
and learning processes ip. 2|>, while infantile 1 ;mJ. larval behaviors 
urc completely or partially fragmented. They can disappear com¬ 
pletely or they can reappear as expressive bdlhviur in lire repeeurirL- 
of the adult [see food Iscggmg during courtships p. 12Jh Sometimes 
infantile behavior patterns appear as n'Kgrifsswm in adull animals 
and man (hi. HflUyapfel 1949; f, Adler. G. Linn, .old A, V. Moore 
195K: D. W. Iluog 3964a). This proves Lhu) they existed in latent 
form, that is. that the mechanisms on which they were based were 
retained. In older people who suffer from degenerative processes of 
the central nervous system a recurrence of the infantile searching 
mechanism, oral oriental ion, and sue king mavencflli were uTwcncd 
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|H. F. tt. Prechil jnd W M. Schist (950: S Wie H and 1 nil 
1954: S. Wifwr 1955; G. Pillcri 1960a, IWt*. 1961; D, W. Elwg 
19644, 1964b), 

The maturation of »eo actions artd the breaking ilm of old 
fisted anion patterns can overlap Voting nestling jnek tuai 

they arc Mill gaping, They do this especially when (hey are satiated, 
after feeding. If they arc hungry, ihcy gape again. Gaping ini tidily 
inhibits pecking. K. Lorenz (L935) rep Tried that yoiirie hand-raised 
starlings. which had been picking up food on (heir own when their 
caretaker was away fitf KWil days. again griped cOntmuously after 
he relumed- They had eaten on (heir own until then. st> he did not 
think it nctcuii) to teed ihirrti untiJ he noticed shut they were 
becoming weak. The drive to gape, which wa* released again by the 
presence of ihe caretaker, blocked the peeking reaction (see also 
VI. Hollapfri |I949|). 

Study of the behavior patterns of food intake in cormorants 
reveals gradual transform abort from m (indite behavior patterns to 
4 in increasing integration of the individual jck with the appropriate 
motivations. Until Ihe third week of life the young bird begs and 
gapes. Between I he Third and iiftih week they begin 1o cudgel fish, 
;md from (he iklb week on they begin TO catch iheir owe. Begging 
drops oui when they are & months old. During the ontogenesis of 
the nest-building behavior a similar picture emerges. The linal actum 
of “trembling* occur firlt; n is followed by ihe fastening of the 
iwig. bringing of the twig, and so on. This integration is not the 
result of individual learning. In this connection it is remarkable 
ih.ii a disintegration in reverse order occur* within Ihe annual cycle 
toward the end of the breeding season (A. Korilutidt 194®. 1955). 

In species that metamorphose ihe re is at the same lime a com¬ 
plete reorganization of the behavior, and behavtor patterns appear 
for whtch there were previously no indications As A. J. UAsl-I v. 
RorenJiOf (1746 Pbl) pointed out long ago. butterflies do nol have 
10 leam to fty after hatching, tin species with incomplete changes the 
differences are less startling and behavior patierns of Ihe imago 
appear during ihe larval stage (W. Jacobs 1953). The larvae grass- 
hoppers perform Ihe leg movements necessary to produce songs, 
although their ~*>ng“ is ;it rirsL silent, because the morphological 
stiusiurc ihai is necessary to produce the song develops much leuyr 
(A. 5. Weih (951: see also p. 20 M, The fully developed cricket, on 
the other hand, does not begin (0 sing immediately after Lhe hard¬ 
ening of the elytra but several days Inter. En this instance the organ 
has matured before the behavior |S. v. Herrmann-Heck 1957) We 
have already seen a converse in the wing boxing of ihe graying 
gosling. Behavior palterns can be activated prematurely by Ihe injec¬ 
tion of hormones. Young male dogs raise Their bind leg when they 
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«inn-vce i« ihL- manner of adults following 4in injection lt j i^ktoiKronc 
(S. Freud and 4. £■ Uykn I94.fi). Fourteen-day-old male rats hegitt 
lo mount females after lesMcmnc anjecLpuns. nrtd in 21-day-old 
female rats Hie copulaiOiy posture (lordosis) tan be released follow, 
me sifijeHtion of follicle hormones (F. A. Beach 1947). According to 
these results the nctirMIDr mechanism tintterlying these behatoCtf 
patterns is readily available long before ihe behavior normally occurs. 
iirmrlDiann's observation that eebra finch female* sang the ?<mg> 
whklh Ihe) have heard when they were young., following treatment 
with male sex hormones. » also very interesting, in this reaped 
ip. 231}. 

|n the v, !nit tiuiLcrlU ««pr) t he ability to fly improves as 

the wings harden. Until this occurs, spoiltaneous flight seems to be 
suppressed (B. Petersen. L. Lundgrcn. and L Wilson 1957) ‘Pie 
locust Si'hhi'tn'rca ipi'gtiriu is unable to- A) properly until several 
days after rcadting Lhe adult stage. Only then are the cuticle of the 
wings and thorn* sufficiently hardened (4. 5. Kennedy 1951). 

In en;iny unlaAccs the developing behavior palleins appear very 
clumsy. Only gradually does the initial lack of coordination become 
lest, which may he the result of maturational processes, learning 
processes, or a combination. Whether or no? i in-pro vemcni depends 
upon learning or maturation can only be decided on the basis of 
experiments. Mo distinction ha be made by mere observation of the 
phenomena. Newly hatched chicks peck at small objects, buL their 
aim is nol very' accurate. When allowed to peck at the head of a 
nail embedded in sofL clay. Lhe impressions of Lhe beak initially 
are more scattered around the nail Lhan they are later on. On the 
fourih day they are dinKAhl very closely around the head- of the 
nail F_ H. Hess {1956,1 was able to show that learning was ™ni in¬ 
volved in Lhis improvement. Ik lilted chicks with hoods containing 
prisms that displaced lhe object to the right. The initial peck marks 
were scattered nn day ] to the left of the target On day 4 they were 
tightly clustered hut still displaced from the target so that it was 
outside the peck marks (Figs. 1)6 and It?), in this case the im¬ 
provement is jiitt ske Co leanung bn I lo a maturation or Ihe aiming 
mechanism, The animals never learned to hit the nail cm the head. 
In some ciehlids (CirWbr) Ihe selectivity of the innate releasing 
mechanism for Lhe following reaction » 4(1*0 a function of matura¬ 
tion lE. Koertief. and P, Kucihct 1962), 

K. Loren/ (IWI spoke of ‘■‘insLrjici. training interyalalioti" when 
mnale and acquired components become integrated into one be¬ 
havior sequent^. Wc hav« discussed on page 25 how these wn- 
portents can be distinguished experimentally. 

Objections. that are based on the assertion that a behavior can 
he generally muddied down to iu smallest units {'[ C, Svhncirla 
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|U$bg tun not be upheld Behavior nutnot be indiscriminately 
> li .1 po ■.) and i he nurtieruLti examples which show th.L gfL-iiL resistance 
in jJl m tempts il modification disprove the hypothesis jboul the 
ccncf.il mudirmhiliiy «l even phylogeiteiiCaHy adapted behavior 
meehiinmfli. P. Wliss titHIa) severed the II* muscles of newt* from 
their tendons and grafted ibem oulo Iheir antagonists while keeping 
ihell orieltiiil innervation intact. It was found ihai each muscle con¬ 
tinued to read according to it* original fund ion. which led to the 
inappropriate leg movements. Tire newts were unable CO learn the 
new coordination Corresponding muscle transpositions and artificial 
taming of Mivr fibers in rats and monkey'* Also did HOT result in 
corrections. In man partial reorganization has been observed follow¬ 
ing muscle transposition lh. W. Sperry 1958) When I he right and 
I lI’l I mils buds were exchanged in newts at the lime the interior- 
posterior ants was already determined, this resulted in the front legs, 
which were now facing, to the rear, walking lowurd the hind legs so 
Lhat the animal was unable to move. Is'n change occurred throughout 
the year following the operation. The newts were nor able 1* learn 
to reverse the move men i of the front legs and thus become able ro 
move forward. Afferent impulses from the periphery were unable to 
charge the central coordination and the legs moved in the manner 
i ho would bnve in Ibcir original position. Many of the funstions of 
Lhe centra] nervous system ihercfore atc predetermined as phyloge¬ 
netic adaptations Ip. 21) and are quite rAsi-stanS to change. P. Weiss 
1 19J9: JJJJ) es.pTcs.ses this in the following compari.KKo: 

Thu rw«Rjj Stritani reminds us ol an- mdtislnal compltc rral because 
I>i Eh-e m^Ii-pli:; 3-f {ft COJC-E-rarJiy ayd-n.-as It"? hgifflOiwc COO'tl f iSliOtbi. qI 
iht.i aclivrlMS. hd also bscause 1h* ragaiiTSr-co s j-V-ram pi«$eni io ns 

fcM.:e ouiijoe without pmh eMMuenee and inaeed bef-ma tne bsg-nfwsg or 
as tunenora. To* eoediww ol the canviil wrwus s*atfl«i, at in* nmt -i -s 
*mi lun^r-anally act*-wed. C*1 t» compares io i ship at ihfl rim *1 is 
lunching VYnil* it ;tiH rums ns r; ft* c-nfirple-ie > autfattd 0 s jtlreadv 

CSpahlS fit <ti^atMSg, rndvir^ and bniug 3iw*«d. 1-n I'm 3 *t>b way the ce-nsral 
iwvcjs srmem. w*re»i acm-aiep, can uMomu unpohet. cooidursie ir*™- end 
can ecmlrel rfe moscularu'o m a gei-dal wav. 

Just how rigid Lhe various movement patterns tire determined 
depends on the specific species acid is different even within the same 
species m different functional cycles. Usually additional Learning 
lakes place in the sense of I.ore ike's imiincMwining intercalation. 

Squirrels f.iViwMf wtigttris) possess the ntmncnls of gnawing 
and prying, hgi they nwtt learn hew to employ these behavior pil- 
i c ms effectively when opening a nut. Experienced wjuirrds can do 
ihis with .i minimum of wuslcd dibit They gnaw a furrow on the 
hftud bide of a mu front base to up, ptsssibly a second one. wedge 
their lower incisors into the crack, and break the nui open into two 
halves {Fig. UN* In experienced squirrels. on the other hand, gnaw 
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wiihoul purpose, culling random rurtuws until the uul breads at one 
place or Ibt Other rFig, ]]9j iind hv. They already try to wedge iheir 
teeth in in the opening diicinpiin.!; to pr> ihc:ii open only IclilLI it u. m 
StUXCis if ttK: furrows have been gnawed in tine proper way The 
Brsl improvements in live Ccchni-qu-c on few seen when the furrows 
run parallel to the grain of the nut anti sire concentrated on the 
broad side of Lhe nut h Fig. 119c and d|. five squirrel follows the 
path of least resistance. and in this way the activity of the squirrel 
is guided in a sped fie direction by the very Structure of Ihe nut. The 
squirrel continues with its attempt* to prv, and it heep* repeating 
ihose actions which have led 1o success. In this way most squirrels 
acquire Ihc most efficient prying technique Cl EiM-EibesfddL 1.943 h 
There ik. however, individual deviations. Some squirrels learned to 
open nut s by gnawing ^ hole by a few closely spaced funrOwJ {Fig- 
1 2dK. One squirrel achieved almost insiul success by gnawing, a 
hole into the base of ihe nui and continued to use this technique. 



119. A v^r. el i iK» a»5*. r iha s* si a n*rt-<Vji o#*o*d by jr> ir*.- 
pesquxra^ lo-j'tn n.ji iomI. .ji jf^i s i-^c. 

pTMiiCW! rnt^iif Sumwi. on l** nut ■» * ywdtom piflwn. icl Tht :hJL«r,ih trv) m;. ws 
»WO**«lh fiv'i et+‘>*4 br wt i*me *«■***, «**Vwn9 M>-*>*l ^ In* 

will Us* jut al cat need Pttcioyiphs; I 5 tsSS-ses'ieei, 
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Eventual!; ■( learned U> £n»w the hole »i|lf * few closely spaced 
furrows (Fig. 123}. Finally is chunked to Healing due thiiuwalled 
lip of (he nul in the same fashion. Similarly other rodents develop 
levh miqucs U> open hurJ-shdIcd froilS |E Pclericn IMS]. 

r refer in this couiiedian to the food-hiding aticmjiis of squifrcls 
(p. 22). which showed I ha! a fairly large chain of innate behavior 
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patterns itiiiiurti predominantly Ln the jihvg^w or experience The 
. 11 ) i’i lj.L adds Link 1 Lo Shi- technique by learning. In this functionalcycle 
I be ininul possesses a primarily phylogenetwully acquired behavior 
pE<igc';irit, and ii is quite obvious dial in this ease selection pressures 
work against adaptive modi liability. This is uamhmi)' btLdatt mu: 
behavior blueprint is suflicienl for the performance of the task. Any 
rnixHIfcation of the tried and successful conlains a certain ri-.Sc This 
is quite different in ihe C4K of nut Opening. The variability of the 
available nuts requires various (techniques and licm-c individual 
a da pialio-n. 

In Elneland I i I mice learned lo open milk bottles. Hv a recombina¬ 
tion of innate behavior patterns of food getting, they developed 
various methods of solving the problem. The acquired habit of botlle 
opening spread geographically, which supports the hypothesis th,nl 
the skill is passed on by tradition (J. Fisher and Ji A. Elinde N*W>. 
Such learned behavior sequences can be called acquired tboftlmtiiiani, 
although they oonijiirt lived aeiimi paii-ems as dcmcnH They have 
been integrated into netv functional units. Additional examples for 
acquired coordinations were discussed in connection with bird songs 
(p. 2-35 and begging movements Ep, 112), in higher mammals we 
can generally observe ihal fixed adion piitlcrns consist of very short 
movement sequences, which are combined by learning inter acquired 
coordinations. 

The rut possesses all nest-building behavior patterns in natch hut 
learns the appropriate sequence oF the individual components (L 
EILbl-liibesfcldl IMJ). In a similar manner Ihe inexperienced canary 
shows alt the behavior patterns of nest building, but il must learn 

10 integrate them into one functions! whole (R A. tlinde I95S|. 

An animal may possess an innate behavior pattern, huL its upfikcu- 

iion must be learned. The woodpecker finch of the OaMpagos 
Islands (Cactejpiza paliiJa\ uses a loci to probe insects out of wood. 
Once it has opened the tunnel of an insect, the bird picks up a 
cactus spine or a straight, thin piece of wood, breaks it imo the 
proper length, and proceeds to Impale the insect in aLLempts Lo 
remove st (I Eiibl-Eibcsfeldl and H. Sic! run no 1962. It*6:k wee also 
p. 279|. A mule bird which l received when it was quite young did 
noL fully master ihe technique. It searched for sticks, probed m 
crevices and holes, but only in a playful manner after feeding When 

11 saw an insect lit a crack it dropped the slick and attempted to 
catch it wnh its bill. The bird Learned only gradually to use the tool 
for this purpose, 

i>. Metre told me I hat chunpanrm which were horn in cap¬ 
tivity in Ihe London Zih> poke slicks into cracks and botes in a 
pluyful manner. In Lhe wild they use thin twigs to fish lermiles out 
of holes in Ihe ground (p. 267k It seems probiiHSe that this behavior 
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i> kiwd upon an innate disposition to use a toed, hui that the sped-lK 
pi if:tiii >:i must he kerned. 

The inexperienced rAstrtpc^Ovfit specific nest-budding behavior, 
hut ii must learn what to use as nesting Enalcrial. The bird tries 
everything—broken glass, cans, iwigs, pieces of ice, and so on. 
Tht'ii iihjufii ace pushed mlo place with sideways. trembling move¬ 
ments over the substrate as (he prospective nest site. 'Ihe frequency 
of trembling increases when the object meets with some resistance. 
If the object is wedged cur eaugbE, the raven stops. Glass and cans 
do not wort as well as twigs, so the raven quickly teams which to 
choose The nighi heron, on Lhe oiher hand, innately knows the 
quality of ihe nesting material, but il must team the best place foe 
building a neM (K Loreni l^i-iciL 

Frequently an orienting component of behavior is learned. I'ule. 
cats (/Worths p\tfwriM\ and other mustrlidae kill rodents (such as 
rats}, which are quiie able id defend themselves by grasping them 
at their necks and killing them (Fig. 122}. This orientation of the 
killing hiLe toward lhe neck of the prey they learn by Inal and error. 
Isolated polecats, which have never hilled a prey, attack a rat when 
it runs away, bat they bite it in arty pan of the body they can get 
hold of. If the raL defends itself the polecat lets go and tries to 
grab again, It learns very quickly how ihe prey must be grasped 
in the neck so that it cannot bite back, f'oleeais that had art OppCf- 
1 unity to play with lillcr males can learn this much faster (I. liibl- 
l-.ibesfctdi 19W). The polecat alio learns l» recognize its prey, At 
first it pursues any feeing animal. A quietly sitting rat is approached 
and sniffed inquisitively. If the rat runs toward the polecat, it runs 
away, Only after having killed a rat is it recognized as prey, whether 
ii sits Mill in approaches. When one raises polecats- from early life 
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With fills, they art- clearly inhibited m hicu them: they accept ihe 
m«nib«r vt ihtf iUbtsf specie* ns ,1 social companion ip, JUJ). (if all 
olher respects,. however, She repertoire of prey-catch big behavior 
n?mains unchanged; only diflVrenl object are able to activate 1 hem. 
Z. Y. Kuo (l%7|i observed ihe- same in cate Chat he raised with rats. 
However. he interprets (bis observation by saving (hat undoubtedly 
no pntjr<4iichifl& instinct twaiv or il would not be possible 10 change 
(111* “nature"' of the eat in such -an obvious way, Fie concludes (hat 
the body structure alone explains why a cat behaves. like a c,U ,md 
[hat iL is mu necessary to postulate additional instincts Ln (he form 
of structures in ih.c central nervous system; '"The behavior of an 
organism is a passive affair. How an animal or man v. ■ p behave In 
a given -ilia;iti «ti depends on how it has been brought up and how 
it ia stimuEnled'" (Z, Y. Kuo. 1932:17)-. However, this is only parlialEy 
true if one observes varcfully. F.ven (He cals that w-erc friendly to 
rai.s cuuLd si ill capture prey according 10 Kuo's acrounl, Their be¬ 
havioral repertoire 1 was changed apparently as lit tie ;v, that of my 
polecats, The only thing I hat was changed was (he object tha( released 
the behavior. 

Polecat [Hale* grasp the females In the neck region during 
courtship, which imwobtlkKS them. Animal* raised in isdaiton era^p 
die female anywhere andi Ita^c to learn as a result of i(i£ female'x 
defensive behavior to grasp her at (he right place. Polecats lhat were 
raised with stbhngs until I hey were 2 monlbs tiW and were indited 
after that lime grasp the females correctly, They' learned during 

play iiglkLuh' that a Ldio-pccilii.' will [email! SLill when gta.vjx'd at 9 III 
neefe (Fig. 111 ). The behavior pa I terns of mating itself are identical 
in experienced as well as inexperienced animals (I. fcibl-Eibesfeldt 



*r$in* l j| i,y. Fcitrcjr rrsKog. Tno m* noWtj t*w Ttmilt at in# neck (bj Pw,!uIIt 
pofecal*; o«e in** L^r olhw ■" lh r i Ou-is® ids* ib* an**!., ■ a am il» 
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l1ki,t|L F A. Beach (I95S.I and K Larsson {J969I found Lhai men. 
penrnced nuk- tais copulated ii well as experienced ones. This is 
also i rue lor guinea pies £ Carla}, hamsters (Cnc-thul, gulden ham* 
»ter> ( Mfsaericeruiy. and. rats (Arim*), TJic behavior patterns of mating 
afL- annate, hut inexperienced animals often mou.ni incorrectly ori¬ 
ented ;ind claip ihe head of the female. for example (E. £. Valcn- 
stem. W. Riss, and W. C. Young I9SJ: F. Dietertai 1959: ]. 
Eibl-Ei besfeldl IWJi 1963: F. A. Beach 1942). 

Rhesus monkeys. raked tn isolation lire entiled; by females in 
esirous and 1r% to copulate with them hat they db not rniiur-t them 
correctly (1kg. 124). They arc unable 1o learn (Jus later m their lives 
(W. A. Milan 1966: H- F- Haitow and M. K. Harlow 1961). this an 
contrast to hand-raised chimpanzee males which can achieve intro¬ 
mission with the aid of experienced females who help them to 
overcome initial difficulties, Here social Isolci I ion has less permanenl 
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eftcel*. perhaps because normal mating behavior in more variable 
to begin wicfi tlharn an the lower monkeys (R. M. Verges and J. H. 
Oder 19.14), 

Inuring normal omogencsii mote than learning and maturation 
mill respect To motor performance is observed- Junate releasing 
mechanisms mature as well and they become increasingly more 
sckCI iv< through learning, 4s we have discussed on page 67 with 
l he example gf the prey-catching behavior of toads and clawed 
frogs. New releasing mechanisms can he acquired by learning, as is 
discussed by W, M, Schleidt (IS62>. 

From all the examples presented so far. it is dear that various 
species of animals are equipped with various innate disptrti lions Eo 
leam, These innate capacities to learn will he distasted in more 
detail in Chapter 14. Learning is not the result of a passive recep¬ 
tion of stimuli by an organism. All observations support the view 
Ih.ii i he re are nlku quite s peer lie learning disposittuns and internal 
mcnitating mechanisms, the latter being expressed in curiosity and 
play behavior (p, 2J8J. 


Innate disposition to learn 


Spccio&-s.i>t>cific learning capacities 

Different Spede* of animals possess dilTtrent learning capacities. la 
many Species live behavior is largely determined by phylogenetic 
adaptations in the form of fixed ad ion patterns and innate re leasing 
mechanisms, and very little is lert 1.0 learning, Animals (hat Site so 
equipped have Lhe advantage lhai they do not have to acquire 
adaptions through time-consuming, risky learning experiences. The 
Yucca moth (fYoupfri yurcfuW/u) “knows 1 " as a result of its phylo¬ 
genetic consttactian that k must collect pollen prior to laying its 
egg> into the weds of lhe yucca plant and rub it onto the stigma 
of the (lower. Only in ibis was will the seeds develop on which the 
larva will feed. Adaptations of ihis nature are of advantage when 
the environmental conditions to which these adaptations are adjusted 
do not change Appreciably. The more variable the environment is, 
the less precisely soil the behavior be adjusted in advance. Changing 
environmental conditions require individual capacities for adjust- 
mcriL. StenMopk forms can ntford to run on tracks, like '‘train?,," 
bul eurytopic forms are specialized for adaptive modifiability of 
behavior; they are lhe “SpedaliSiS of nonspecialization“ ns K. Lorenz 
t 1959) observed appropriately. 
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When adaptations of brluvior are pcKiuly determined. Any 
change may be detrimental 10 adaptation. 4. H, l-abri has shovim 
ihi, lonu aso in manv experiments Vuili insects. The digger wasp 
iAmmtpltShn ripens and inspects Ihe cav ity which It has dug before 
it debits caterpillars in il 10 Serve as food for its larvae. It arrives 
with lhe caterpillar, drops it rear the entrance, enters the cavity, 
inspects ii, reappears head first and palls Ihe caterpillar inside. If 
one removes the caterpillar CO a place some difllntf from the nest 
while tliv wasp inspects the cavity, it will search for it uni I it has 
found the caterpillar, bring it back 10 the entrance, and the entire 
sequence of dropping. inspecting, and so on, is repeated. ] his can 
he repealed JO 1o 40 limes. at which lime the wasp will finally carry 
Ihe caterpillar directly mio the cavity wiihuut prior dropping and 
iitipeetion tG. P. Baercnds 1941k The animal can adapl to the new 
situation only with great difficulty; il-s behavior follow* ;i quite rig»d 
progm m Normally no disrupiions oeenf, so lire wasp achieves its 
goal quite readily. However, this rigidity of behavior is nol neces¬ 
sarily found »n all functional cycks, Just as Squirrels learn 'tty little 
when hiding food and much w-hen they open nutstp. 2 ID). I here arc 
behavior systems in which ihe digger wasp «u* perforin astounding 
teaming tasks. For example, it learns the way home with in prey ms 
its flight away from the nest. These digger wasps take care of several 
nests al the same time during, the phases of caring for Ihe brOCnl 
(p 163); they supply each of their larva,*, which differ devefop- 
incmally from each other, with die appropriate amount of food. 
What the digger wasp will do at a particular nest throughout the 
Jas i\ decided during the fiM inspection visit in the miwrine, Before 
beginning, with banting ftClivikfc*, the waip visits all nesis not yet 
permanently scaled and checks Ihe contents. G, P, Bavrcnds 1.1941) 
was able io induce wasps to bring more caterpillars than they nor¬ 
mally would have by removing caterpillars front a particular nest- 
The wa>p would bring less food when he added caterpillars, These 
manipulations influenced (he behavior only when they were per¬ 
formed before the morning inspection by the wasp. Later manipu¬ 
lations were unsuccessful. This means that the wasp's behavior is 
determined for the rest of the day at the time of the morning inspec¬ 
tion. and that the wasp is able to remember the condition of up to 
IS Rests (or Lhe eCilifq dai . 

1‘his is a memory UsJt that could not be detected with, the usual 
nteLhods of debycd■ re$pome experiments-, in this method, which 
was originally developed by W. S. Hunter (1913) and is still widely 
Used I Ltd ay, an animal is (ruined an it mWltipk-ehoioe apparatus lO 
■■elect one of several doors which ait marked by specitk stimuli 
1 for example, i light I hat has been turned Oft briefly). Omar (he 
animal has mastered the basic task, it is prevented from responding 
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as (ling as, Lht positive ilini^yk is presented. The animal 1% jllownj 
10 respond only after various, intervals of time, and the longest pi*, 
si Me delay is considered a measure of ihe* memory capacity of an 
animal. 1i- F. Makf and T. C. Schneirls (LU .353 questioned the 
value of this, method according to which a goriUa capable or 4k-hour 
delays would have a memo IV 5-76 times as good n> an urnugutan 
who mastered only a 5-minute delay. K Tinbergen {1953}, who 
cited this example, agrees with this criticism. 

These Observations teach us that standardised learning milhods 
are not always appropriate Iflr the comparative studt of learning 
eapacities in many species (see p 257 h If one w a ills lo test ihe 
learning capacities of a heron, a rat, and j frog, one would be ill 
advised to run each of these animats through j maze, the rat. whkh 
normally lives in burrows, will do heller than the heron or the frog. 
If w? test ihp frog instead on bad-tasling prey models, we wilt dis- 
cover a very rapid Learning capacity, 

There esist jpeeits-sp<eiIrC learning Capacities for various func¬ 
tions. Predators are very intelligent in the functional Cyclci dealing 
with capture of prey, and animals that live in a specific atfea of their 
habitat are very good ,H learning palhs, Some social lemurs show 
great social intelligence (A. Jolly h*6$). which is in marked contrast 
to their otherwise lower level of intelligence, if one wants 1« obtain 
knowledge about the degree of adaptive modifiability of a species, 
one should first observe ihe animals under natural condilions. As 
smLcd earlier, learning capacities are adapted w the demands of the 
ecological niche of the species and ns other inhabitants. 

Most species whose members live in a specific place or which 
repealed ly Visit a landmark acquire know ledge of their surroundings. 
The limpet Patftla just follows its own mucous truck hock to its 
original resting place Like a tracked vehicle (kk'. Funke 1965 J. The 
bee-hurling digger wasp {Phikimhtu trtanpihtttt) remembers the Land¬ 
marks surrounding ils nest and is thus enabled lci find its way hack. 
If one surrounds the nest with a circle of pine cones or stones while 
ihe wasp is in ihe nest and then transposes this eon lieu ration In 
3 metei after Lhc wjjp has flown away, it will search Upon return 
within the circle and riot find the nest entrance (N. Tinbergen and 
W, Kiliyt |«}fc I A. Chniuizynski t%7: see also Kig I25|i 

W hen bo mblebce-v find the sm;i(l flowers of f’ivtd^7ijijsii<i i u they 
undertake a short orientation flight. apparently lo learn the ctacl 
location. If, on the other hand, they find the large flower of Digiiitiii. 
which tan be seen at great distances, they dispense with the explora¬ 
tion of Lhc surroundings (A Manning I'jSfr}, 

Bees remember the location of good foraging grounds for a long 
lime, Continuously dancing honeybees reproduce from memory the 
distance and angle io the sun making allowance Ibr changes in the 
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sum's posrtmrt, although they have noL vislLed Lhe place whose posi¬ 
tion i hi it;,- Indicate with their dances for days, M Lmdauer [1963) 
cited the ease of a continuously dancing, bee. which had viuted a 
[bod source for the bsL Lime on November I, I’DJ#, and which 
indicated Lhc position correctly in Ihe closed hive on December 5. 
When such continuously dancing bees had visited two food sources 
al different limes of the day, they indicated within the closed hive 
the position of [he feeding place whose visiting lime was closest to 
the lime of dancing (VT Ltndauer 1957). 

A young in li mm jI vi liich leaves its den for the best li:ne begins 
by learning the return path to lhc nesl. If the nunne go hi (Baihy* 
goAi'iia soporfiiar), which lives in the tidal /one. is surprised in a 
tidal pool, it will jump out of the pool in the direction of the sea, 
from One pool 10 the mem, until it reaches l)tt let, They cover dis¬ 
tances of 10 meters, using up to 11 pools. If placed into an aquarium 
the rish will not jump, hut they will jump if returned to the tidal 
pool, even after a Stay in Captivity of 14 days, If changes have been 
made in. the environment, such as emptying a pool, they jump mio 
the dry pool. They learn the path during high Lide, as was demon- 
straied in elegant experiments by L. H. Aronson [195lj. The pa Lb 
can be learned in darkness and may be remembered for 4fl days. 
Equally extraordinary learning performances are shown by animal* 
that return to their spawning grounds ifi* example, salmon, p. jjl). 

Many species learn while oblatning food. both with respect to 
the knowledge of til l object and the manner of handling it. We will 
add some examples to those already ftted, [nuL opening of squirrels, 
p. 2I&: prey catching in the polecat p 314. in the frog, p- t>?h 

Snapping turtles (CAthtira ierptwU w) which had been fed for 
13 day- with worms or lishu after hatching, subsequently showed 
clear preferences few the specific food, Jisji i>r worms, which they had 
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bc-c-n fed previously (0. M Kurghardi and F. kt Htik lVNM Many 
mammals and some birds learn from Ihe mother what 10 e.it and in 
ihis way I radii ions become established Ihat are restricted 1o group* 
of animals in a specific lonlilr, Mother squirrels, rats, and other 
rodents tolerate the wiling of (TcK>tl from I heir mouths by their 
young (I FihFF.ibesfetdl I95?i: sec also Fig. 12f>) .md so do the 
parents of squirrel monkeys iCaflitfirixy. Wood pigeons must learn 
that acorns can be eaten. The picking-off movement is innate, bui 
I hey do not attempt 10 cut large Crual without the presence of adult 
pigeons which they have Observed eating acorns (0 HciiwOth and 
M. Ileinroth ISIS). Rats quickly learn as a result of bad experi¬ 
ences to avoid poisonous hail, [f no* bait is offered aL first only a 
few animats, of ihe group w ill try swbleLhai annoBhls of it, Usually 
ihec are not poisoned but merely become ill, and the bait is avoided 
i hereafter. It is interesting, that other members or (he group also 
avoid (he bait, taking their Cues from those who have had the bad 
experiences in this way local traditions come aboui t sn that ^ccilk 
types of bait ;ire rejected in certain districts of a city for several 
generations. On the North Sea Island of Nordcroog, Norway rats 
specialittr in catching birds, which mainland rats do noi normally do. 
They overcame their innate fear of tluttering birds and learned to 
creep up to ihem and ambush them (F. Sleiniger 1950). 
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In the M-anysra c-smc pFcScrve in I’jurnnia lions have- ihe other¬ 
wise rare ha hit of sleeping in trees, which leads one to suspect a 
local iradiiion. Female meerkats (Sitricatit} actually present t‘ood to 
their young, which snap it but of their mouths, lit this way they 
If.im to eat the same foods, eaten by the mother and Ihus develop 
food, preferences. The young of one tiHer did no? accept haruiua- 
which Ihe caretaker offered them bui snapped at them when pre¬ 
sented bv their nwber in her mouth. From this moment on. they 
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accepted bananas readily tK- K. Ewer I96J)- Actually, teaching nje-riu 
hi occur ir» live behinior of the mountain gorilla. G. B. Schuller 
|t^i3> observed ;i female removing an inedible hagcitia leaf from 
ibe ninuih of her young. Another animal helped a juvenile (0 dig up 
.1 root. The tori [la mother Achilla in ihc Buel Zoo also (audit her 
soiv to move by retreating gradually. When he was older she placed 
Ids hand on the cage bars so that he eovld hold on She also enliced 
him actively to climb the cage huisumd wuielied over him. tty pulling 
limn in the small of his back, she stopped him. from doing certain 
things. She w;ts definite]} interested m variMu. activities of her child 
and either mu on raged or limited the direction in which ikey could 
develop {H. Schenkel I9(j4). The origin and spread of new feeding 
habits through groups of Japanese macaques O/mwr> fnn-uro) was 
well documented. A troop of these monkeys on KAshima Island was 
regularly fed wlih *weei poiakie* beginning in Wii Fn I9SJ lifiOs 
a 1 1 ■',■}ear^sld female, was first seen washing the potatoes at the edge 
of a freshwater brook. She held the potato in one hand and denned 
oil' i he sand in ihe water with the other. This new habit spread in 
the group during the course of the neci several, years, at lirst within 
the closer families and within the groups of playmates. Later il was 
passed on from mother in her children. In 1961 three quarters of nil 
monkeys 2 y ears and older were washing potatoes (fig. I 111. At first 
the monkeys washed their potatoes only in fresh water, l.ater they 
also used smuiler. which some monkeys seemed to prefer because 
of its salty La-cte. They gradually began to salt their potatoes by 
repealed]*’ dipping ihem inlo the walcr before the rtexi bite. 
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A i Lhc unit tune Iht^c aifimals were fett wheat m the same area. 
L[ was spread along the shoreline. Ac Urns Ihe monkeys carefully 
picked up each ind iv IL J uail kernel until (lit same ferule. I mo. who 
had invented lilt polalo washing and who was now -1 years- old. 
began to gather the wheat with Lh* sand and throw it all into (tie 
water. where ihe sand «|tiickly separated from Ihe lighter wheat. 
UnLil the lime of ihe la si report 19 of +9 monkeys are using 1 his 
invention (U. Kawai 1963: S. Kawanrnra 1963: J. 3 uni 19551. The 
habit of swimming in the seu and begging with spcciftc postures 
developed as patterns specific for Ihe group and are passed on by 
tradiiion Near Kyoto the macaques learned to keep warm at an 
open lire after i he fashion of their keepers. Ln I96S a female began 
joining die keepers at a fireplace a ad now all have the unit habit. 
Group vjH-tilk habits art known from free tiling macaque popula- 
ilonv The monkeys of Ml. Takasaki in Kyushu eat the fruits of (he 
Aphananlhe Irees but spil out Ihe kernels. The monkeys of Mt. 
Aiashi. however, crush Them lo get Ihc seedling. The monkeys of Mt. 
M inoo feed on eggs: those of Shodoshinu do not cat eggs, Even social 
behavior patterns are influenced by traditions. High ■ranking males of 
the Takasaki group curry vtung monkeys around, w hleh are already 
weaned, but soil need protection. This is noL observed in other 
groups [D. Miyadi t%5. I%1). Ii b only necessary to show a chi ms 
panzee once how to operate a push-bullon water faucet |R M 
Verkes 1945]. This behavior is Lhen passed on by social tradition to 
others, 

Knowledge of possible danger is also passed on by tradition. 
K. ft. i.. Hall (1%5J fnehlcncd a monkey {Erj/thmt&ia'} mol her 
bv popping open a box eoniajiiing a snake. Fler young were present 
but Cbuld nt>t »ee what was in (he bos.. The mother was siariled 
when she saw the snake and her response was observed by the 
young: from lhen or* they avoided this box. allhotish they had 
previously opened it frequently and without hesrlalion- 

F. El Ktopftr{l957) Lrained ducks w iih electric punishing sLimult 
1 o avoid a howl filled with waier, Other ducks lhac were in (lie same 
cage and observed the procedure avoided Lhe bowl without being 
punished themselves, Oliver examples about learning through obsef- 
valion can be founJ in F' H. Klopfer (I962)r 

Many animals learn about matlcrs related Id social behavior, 
birds learn their songs, for example Gregarious animals often learn 
to know ihdr croup members personally and form emotional attach- 
menu or bonds with other individuals. They also karn their rank 
with in Ihe rank order of the group ip 3+3) and often the attach- 
menl to a particular locality which they defend as their territory 
J. P. Scott [19631 in Ibis context spoke of a process of "primary 
socialization/'' which serves to organize and control agonistic behavior. 
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Miith tiiihits are uftcR tenaciously adhered to once they have been 
formed. and this is advantageous up Cu a «fwin 4e£nre„ Ihvjvsc in 
jI;i-, way lricd-ind-l»t(d < ‘ behavior persists. Retention of such a 
habit is probably faeflhatpd by ihe r.-i^E iJiill each deviiictod from it 
js jw-Hiii'.irnL-J 1>v iccLincs Ot displeasure j:ld fear. k. t.Lir^iLr | |^J| 
Liies some interesting examples in (hi* respect. One of his greylag 
aeew, which hail lived in bis room, had become used (a a certain 
detour. At first she always walked pa si the bottom of the starre-aw 
toward a window in (he hallway before return in e. to the itepi, which 
she then ascended CO gel inW the twra on Ihe upper floor. Gradually 
she shortened this detour, but persisted in initially Ofiertting Coward 
the window, Without. however, going, all the way to it. Instead she 
turned ac a 50 1 angle once *Jw was parallel with Ihe stairs. Once 
Loren* forgot to let the goose into the house at the usual time ft 
was beginning ty got dafk and Ihe gtsote ran. again si her usual habit, 
directly Coward the staircase as soon as the door was opened and 
began lo climb up, 

Upon iJ-ias wenorhng shatr^nng happened: Arrived il me Sitlh Step, Hit 
suddenly stepped, made a long, neck, >r, ge-nsa a Slip pi ippr. HKHitf 
rier wnftgrs as lo» i.ighi. Tben she uiared a warning try and vwv ru.viv tpc* 
pH h’evY shg heaumed a moment, tinned around, ran humadly down the rivu 
jrpps and sm fpnh rrseMeiy. u« ivm*cn# on a very imponam rmnmn, t>« 
her orignal pnrh tp Hie window snrl boot This uftj jii* moufUSd Ihe ll«f» 
according 1o her larmer custom Irons ihe Ich s sc Or Ihe Jrfih smp she 
Slopped £$ai!\ looked iWSurtd, shook ha-sail, or,d pe-dDimed a greeting 
display twhasvar negylarty seen m grayl^si When aftwOul leilSian HAS giyoHl 
place to rthal, I haidly betiCMd mry eye*. To ma shore a no dOu&l atoul Ihfl 
niciit cijiion dI in,* Dccurranca; Tho hobu hod become a cutiom wtsch ihe 

goose coiM not break w ihoui being stricken bv Cur Ip, 1 13), 

Mnfgawt Alcnatin (died by k. Lorenz) WJS obliged to unload, and 
reload her old horse symbolically at a location where ihcy had pro 
rieusjy camped on several occasions. Unless this was done the horse 
would rot continue. A Jog belonging to an acquaintance once scared 
up ;l mouse when he had accompanied his master Lo the shed to 
finch coats, .‘since that nme the Jog performs a ’Tiuiuse jump** each 
lime he comes to the shed. At another time he had seen a rabbit 
running ahead m the e-ir's headlight Since then he always, chase> 
ahead wildlv in front of ihe car when it mums at night. The force 
of habit i& no lews strong in man. 

Thc*e example*. should suffice to iliustmco ihe learning disposi- 
done of different aninrial species. The basic assumpi ion underlying 
all dteKbcul learning theories th.nl all m-penws arc about equally 
oondUitmu hie tn ,iI t stimuli ts n« longer (enable, liirthfr suppioC lor 
this view fcs presented in k. ttfdiiOil and M. ftrdaiid (lybhl and J. 
Garcia .-Mid others ( IWft^T One of these innate lea mine: dispositions is 
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illustrated by [he imprinting phenomenon which occurs under special 
condition*. and is mast UteLy eIi-o result of *pecific IcaminG, mecha¬ 
nism*. It will be diwmwd m the following vei.iii.iji*. 


Imprinting and imprinting-1 ike learning 

processes 

The course oflcamint! may be determined in various mn hv phv- 
lotcnetk adaptations. ^'e learned earlier Chat chaffinches in a choice 
situation prefer the song of their own species, ihe preference being 
based on innate knowledge as to ibe type of sons to be learned 
Chimpanzee! knew innately that threats are made by producing 
noise, but they mu si team % he method of producing it. 

11 is somewhat dilferenl in the zebra finch, which learns its some 
from those who feed n, If a soekty finch feeds zebu finch young, 
they is ill team the society finch tone, all hough *ehra (inches are 
singing in the adjacent cage. ]f they are fed by both society [inches 
and zebu finches, they will learn the wng of I he zebra finch Thus 
a preference for the song of the species as the model becomes evi¬ 
dent even here (K rmmelmann 3967j. 

in many cases learning is genetically programmed So that the 
animate are able to learn in specific sensitive periods and possess 
specifty learning capacities only at ibis time- If this period is re- 
itrieted to a developmental period after which the animal can no 
longer Learn, we speak of a critical period. Such periods come to an 
end. even when no learning has laken place, as the result of internal 
changes Zebra finches that have been isolated from -.pecies mem¬ 
bers. before chev .a [c .15 da vs old arc unable to distinguish males 
and females of their own species. They are chased by their own 
father when they arc between 15 and IS days old. and from chert on 
males become the object of iheiT aggressions. If they have nor had 
this particular learning experience, they arc unable to learn it at a 
Liicf date < K Immelmann. personal communication^ 

[f an animal has learned Something during a sensitive or critical 
period of its life, the readiness so learn ceases, and in general ihe 
animal firmly adheres to rhat which it has learned Many examples- 
are known of animals learning particular deiails of an object of a 
fixed action palLcrn during a specific developmental period. After 
rhif ihey secrh to N fixed on she particular object in respect to the 
particular drive (object imprinting}, fn biter rCHandi on specific 
sensitive periods for learning. motor patterns were discovered. These 
phenomena wj]| be discussed m the following sections. For reviews, 
see F. F. li haiescm 1 196^ i and W. Stuck in tlWsil, 
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Object imprinting 

Vlmy. innate behavior patterns tan be released by unspecific 
Ley iLirtiuli K.|i s tKrnic calls and. die mott diverse moving objects 
release the following react kin in a young, gray lag gliding shonly 
after hatching. It follows a mart as readily as It would a £OC« 
or a moving box. \f u follows, such. an object even for a short 
time. it will remain wilh it OlW* the gotlihg followed a perst.ni 
il coulil not later he induced to follow its own mother [K. Lorenz 
19351, In respect to the following reaction il has become im¬ 
printed to man. The same is true for chicks and ducklings, The 
reaction to auditory stimuli, while itissdiliable, rends to he more 
selective. A number of species clearly prefer the call notes of Lheir 
own species tO- CioLtlieh fWifa. I%5b: see also p. 6Si This innate 
preference reduces she chance of imprinting to the wrong object 

The statement thal an animal is imprinted on something always 
refers to a tpeeille rtadioo whow reletting stimulus situation be¬ 
comes determined. In the example just cited tins vii she following 
reaction. Cichlids frequently distinguish their twn young from those 
of other species and cal the latter. ttrmfchw/wti fumaoi/atvs pairs, 
preferred young of another species if they were given eggs of the 
other species instead of their m dining lheir first breeding cvcle 
(A, A- Myrheig ]9Mj. In this ette ihc re^cliOninvolved in parenljl 
eare become tmprinlcd to an object. This is also true for behavior 
pallcms of other functional cycles. such as I hose of reproduction 
and food getting. A jackdaw that hus been raised by human hand 
from the ncvlhng stage will join a flodt of jackdaw's when becoming 
sledged if an opportunity is available. In the following year, how¬ 
ever, it will court humans during the reproductive season, even if 
oilier jackdaws are available. In respect to its sesual react ions the 
bird is imprinted 10 man and prefers him over his own species (K. 
Lure nr. |93iy This is all the more remarkable when you consider 
that this kind of imprinting seems to take place at a time when the 
animal due-* not yet show seiual behavior [Fig. I SSL 

The lined action patterns themselves do not undergo ,-itvy notice¬ 
able changes in imprinted animats. A human-imprinicd ring dove 
(Siifpiapriki riierial courts the human hand with Ihe same behavior 
patterns with which he would normally have courted a female of iLi 
kind, and human-imprinted female doves invite eoorlship feeding 
from I lac human hand and squat before il in the copulation posture 
SL, Klingbaniraer l967|. 

K. Lorcmt 1193J) discovered the phcrwinicrtuo Of impnmiiiig and 
emphusiHsl several criteria which distinguish Ihis learning prove®, 
from normal assocUtkm learning li II. Hess (htSi#) bus further 
clarified these Ji life rentes. 
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I. im pri niin e, EaL cs plate only during a specific imuiiive period If 
lh» lime pints lhe animal can no longer be imprinted. This sensi¬ 
tive period does fid! have to !>C restricted absolutely lo I he first 
ftw days or neelis, of life, The lime and duration of this period, 
can t at} depending on the region even within the same animal. 
For the following reaction the sensitive period is heLncen III and 
Id hours after hatching. E. 19. Hess f 1959^ determined this by 
imprinting, ducklings in a special apparatus after keeping them in 
darkness. for vary ing periods of time from 3 lo 35 hours after 
hatching (Fig. I*$). For ] hour they were allowed to follow the 
model of a mallard male duck, which called by means of a 
built-in loud speaker. Then they were returned to daffclK&i. For 
ihe test they were once again placed inso the apparatus, where 
they could choose between a male and a female model, Both 
models were at tarsi silent; after I mmole boih began calling., *he 
mole model wish an artificial ewk. goek. gock, goth call, lhe female 
model with the recorded naluri! call of a nun her duck. During 
the third phase of the test the female model alone called, and In 
the fourth tesi the female model also moved while Lhe male model 
remained stationary. If the ducklings that were imprinted on- lhe 
male model approached the male model, in all four cases lhe 
imprinting was stored 4S 100 percent I’M results can be seen in 
the graphs (Fig. 130). The strength of imprinting increases pro¬ 
portionally to the amount of dr-lance followed, Thii Could ateourtE 
for the increase and decrease of imprirttability with age. Iniiidlly 
ihe young a aimal Is loo weak to follow. The older ic becomes, 
the belter ii is able to do so The decrease of intpflniahiliiy could 
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be due lo maturing avoidtfnoe responses tEi. Futnw-ius 1951. E. El 
Hess I9j9j. 

2. Hie acquired lino»kdp of like releasing object is retained for 
life, while normally. fcfEeiiimi is common after learning- What is 
learned is noi only retained but the impriming object is also 
preferred during the rest of ihe animal's life; imprinting is [hen 
imimiblt. It is possible to induce HMD hand-raised parakeets to 
mate and incubate eecs. But if ihey are again exposed Io man 
both will mi ihe human. Ihe pais bond is broken ansi Ihe brood 
is neglected I/O, Hellmann. died by K. Lorem |19$4t|k F. Sohuiz 
(19h5l raised male ilvcb of various species wiih chickens, ducks, 
and males of oilier duck specie! and confined them all together 
for several weeks. Then they were released Onto a lake on which 
cOnspedfits which I hey had not seen until then were also present. 
Now ihey had a choice- In ihe follow me spring mosi of Lhr males, 
courted members of (hat ifecib nilh which Ihey had been raised, 
bui normally not (hose individuals with which they were raised. 
In numerous instances the effects of im pri nring were shown after 
ihe animals had mated with a female of tbeir own species and 
had lost her 1 broach accidental death or by scparaiion by ihe 
e^perinicnier. The imprinting effects of early experience in 
such cases showed up even in maks lhai were normally pasted 
to females for a period of two years IF. Schulz I96S.1. This 
shows quite clearly she difference bciween imprjniing as Opposed 
io association learning via ihe usual reinforcement eon- 
lin"critics. In additional experiments F. Sthutz ll^5b. !9^ii 
imprinted male dinks 00 Other males of the same specie* and 
then induced (hem to male with female* of iheir own species. 
The impnnlcd homosetual preference remained, bowescr. VY \] 
Schein (IH33 impiinied three mate turkey* on people and ihree 
to ccnspecifics. All were equally tame. In the absence of other 
turkeys they all courted people, and Ihey courted turkey* when 
no humans pfflMm and maied with them- However, when 
humans and nsrkevs were present at Ihe same lime the human- 
ienprinted males courted humans, and turkey-imprinted turkeys 
counted their Own kind- The lufkeys mill showed ihese preferences 
when [he* were 5 yean old. n. Immelmann |39fc6l had male 
zebra linches [Tatttiapygia $ufiam taiUimit^ raised by female 
society linches (Ifwta ariaui /. dojntJiicaY Ail males conned 
Only society finches. Then each male *a* kepi isolaied with zebra 
finch females, They MUried. bred, and raised young VC hen their 
preference was ittinl brer in che free-choice situjlion. ihey pre¬ 
ferred sudet'i finches to conspedfic females. 

3. During imprinting ihe-animal learns only suprairdis idu.il specie*- 
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sped Ik characterivijcs. A male mallard duel that was unprj»i«d- 
lo ,1 male 'IIIId duck courted all male she Id ducks. A human- 
tnipf Lined graying goose follows all humans. 

4. c. > ril ■. specific reactions become imprinted to u p;i n iL is I .u object. 
a jackdaw reived by K Loreru, (iiJjjh regarded humans as parent 
..>nd sexual ir - iuri|'iiiiii<n>. r The bird lU-w about with hooded crows 
lli ilielu compelnions and accepted young jackdaws as child 
companions. 

5 . The determine ikyi of ik u-bjsu for an mstineiive activity can lake 
place, as in the ease of sexual imprint me tiled abow, at a time 
when the appropriate behavior pattern is not yet matured and 
thus has not yet, been performed by Lhe animal. 

Ci. fJiiline imprinting of lhe following reaction of ducks, there was a 
greater effect when the imprinting experience of fol lowing 41 model 
look place in massed trials than in distributed trials, which is 
usually mote effective for association learning, Ikiinful stimuli 
strengthen imprinting, whereas punishment usually resulls in the 
avoidance of the associated stimulus (E, II. Hess 1959}. 

Of the criteria fof imprinting cited above venue also pertain tool her 
forms of learning, such as the sensitive period and the learning uf 
supraindivjJual characteristics, which ss by no means present in all 
imprinting-like learning processes imprinting is principally recognised 
h'. the criteria listed, under the -cuMid point, especially I bene pom led 
oul by T If Hess, that is. thal primacy of the imprinting experience 
as more important 1 him recency, whrlc ihe reverse is Irue for normal 
associative learning. From rhis fact derives the obsersahon that 
imprinting is irreversible. 

The ashenirut made in poinl 5, according to which imprinting of 
an object cun take place for an action rii .11 is not manifested until it 
has niaiurcd later, cunrwil be regarded as proved. In Ihe example 
of sexual imprinting it js possible that Lhe initial orientation of a 
ytiung animal to an object already constitutes the first link in a 
chain of sexual behavior patterns. Such an association could be 
rewarding in iLself while being tjuiie independent of the actual 
ina ting behavior. The motivation of susli an initial oriental ion to 
another must be studied before we can make statements aboui the 
pfesLiiLL- or absence of sexually it>o rivaled behavior in young animals. 

As is the ease wuh all "injunctive" concepts ift. Bawensiem I^55is 
it is not always possible to draw a sharp distinction belwccn im- 
printing and other learning processes.. Transitions to normal associa¬ 
tion learning van he expected 1 K. Klirighsiuntt ]967y 

Object imprinting takes place especially when the object of an 
ins line Live action shnws a lack of releasing signals, Pepuile ducks of 

L tonpooe« ptufnrum a a («'i<str o a spec-hc IihkwwU etc**l 
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different specie* aressften r> similar to one another, while the rubles 
have very conspicuous rtleascfi t green head and while nock nns in 
the mallards. Thus the imprinlabtlily of the various setfe* ii aliO 
different, The male mallard must team to recognize I he plain-looking 
eonspedtk female, and this knowledge is acquired during the im¬ 
printing experience, Ef raised with other species n will accept Ihcm as 
sexual companions. The female, on the miter hand, carmen he 
imprinted with respect to her sexual behavior. She knows innately 
the releasing, specie*“Specific signal* of the male. Even if she is 
raised with other species she will only cowl males of her own 
tpecies when adult (K. Loren? I ¥3$: l\ Schulz I did: see also p. S?J. 

Imprinting of motor pot ferns 

Imprinting-like learning: proeevn?s also exist for the acquisition of 
motor pallern*. Chaffinches lea rat their sons onlv during the first 
13 month* of their Hives, Toward the end of their sensitive pq*Hid 
their learning capacity Increase* for several weeks. El is sufficient, 
however, that they are exposed to the song at a time when they do 
not as yet sing themselves. Chaffinches lhat were isolated front their 
paten Is during the month, of September, long before they had begun 
to sing., produced a normal song during the following spring. What 
they have heard i* not forgotten (W, H, Thorpe 195-Sti J. 0. Ilem- 
tolh (cited by K. Lorenz. 1l¥idb ]3 once recorded the song of 
blackcaps {SyfrU? atricapitfa). In the same room he kept 12-day-old 
nightingale* (lAvama /mgartryrjctior) which only uttered the begging, 
call at that Line. The total time these birds were exposed to the 
blackcaps was about I week. When they began to sing the following 
spring I hey surprised Hrinroth with the complete blackcap song, 
which was identical with the recorded song The while-crowned 
sparrow {tfanatrirhiu fanyphrYj) possesses differing local Mine dia¬ 
lect* which are learned during a sensitise learning period. Several 
month* separate this critical period and I he time svhen l he birds 
begin to sing. I he birds therefore must have retained what tltey 
fus c heard ( P. k Mailer and M. I am urn L4b4). Eebra finch males 
which have been raised by society finches learn the song of Iheir 
foster falher. This acquisition is eumpleted by the time they begin 
to sing on ibeif own, When a zebra liuch has heard the song id" a 
society hitch fur the first 3$ days of its life, and front then on only 
hear* the song of zebra (inches, it will always sing like a society 
finch 4 Fig.. I .H i. The female*, too. remem ber wfijt they have heard 
when they were young, although Ihey do nt.H normally sing If, on 
the other hand, the* are given male hormones they will sing the 
song of the specie* on which they have become imprinted (K. 
Inimclniafin t%5). According to M konishi {1965b) the *ame is 
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true fw !he white-crowned sparrow, In motor “‘imprinLirag 1 ' upparv 
cntly the relevant information is acquired at ;i lime when I he 
behavior which is learn ed. (lie niij, don not even exist in rudi< 
nicnurv form. 

ImpriMiiig-Uke processes in mammals 

Only a few observations have been made about imprinting in mam- 
rtiiils (U, Clnbnwski [M[; U. 0r7.irtKk I949fe), Hoofed -'iiainl;il:i Such 
as horses andl sheep can be impfieltd to man in respect to tltcir 
Following reaction in the same way as graying gets, if one -assumes 
the pjitotE role shortly after birth. Oogs paw through a Critical 
period with respect to the dcvdopriertt of social relationships: during 
weeks 4 and 6. During 1 Ids time they form a close social bond to 
CDiapcrilpti or to man as a substitute. regardless of whether they art 
puntdicd, fed, or treated indifferently. J. P. Scott and J. L. Fuller 
£3 965) have emphasized that the inlcrnal process on which Ihis 
readiness lor eojiEufi is based seems u> he more iiii|wiriani than ihe 
external factors ll is possible ih;it imprinting exists also in man 
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(P. El tSmv 1958. ^. 1H. Ihorpe ISfelak. but there are as y-ei no 
■L'.'.p-L'.'i r:i i.' n i .lI investigations. 

Psychoanalysts were perhaps the first 2 to recognize the existence 
of sensitive period' during the course of individual human devetop- 
nKitt, Doting the early childhood years certain environmental influ¬ 
ence's fan affect the behavior of a child in decisive ways and can 
cause possibly irreversible disruptions The -well-being of an infant 
is not only dependent on hygiene, htii personal contact provides an 
important stimulus for further development. During the rir-t year of 
life a short vep.uabon from the mother ean result in a serious retard' 
alaffil. A separation of Several months can often fcad to irreparahle 
damage, and infant mortality is increased in such instances (R. A. 
Spins 1*4 j. 1 <M 6 : M, A Spitz and K M. Wolf 1956 : W. Gold far h 
1943 : i. Bowlby l"^, 1952 ; A, Utihrvsen 1960 K Jt is especially daring 
the second half of the first year of its life that Ihe child develops a 
personal bond with ils own or a fester mother. This hond is the basis 
for the development of “’Original imsf f£, II. Eritson 195 - 3 ). the 
basic attitude toward one's self and Lbc world- The child leaftns Lhal 
il can depend on another person and this positive altitude is a 
cornerstone of a healthy personally. If this relat ionship is disrupted, 
a basic attitude of distrust develops. Such a development can also be 
caused by a prolonged stay in a hospital in ibe second, half of the 
hrsi year of life. The child will auempt even there 10 achieve close 
contact with a substitute mol her. but no nurse can besiow such 
intensive care on an infant solhat such a bond could be established. 
The nurses change so frequently that arty growing relationships are 
continually broken otf. A child thut has been repeatedly disappointed 
in its efforts to male lasting contacts becomes npaLhetic after a short 
rebellion. During the lirsl month in the hospital it will cling to a 
caretaker and whine often. During the second month there ts much 
crying and a loss of weight. During ihe (bird month of separatum 
such children Only whimper a little and at Iasi they become com* 
pletcly apathetic. When they relnrn home aflct 3 to d months, they 
recover, but alter longer periods of separation, the damage is irre¬ 
versible These children remain retarded m ihcir development despite 
the best of hygienic care and nutrition: no one plays with them and 
no one carries them around. Of 91 children m one orphanage who 
were studied by R A. Spitz [ I 94 d| and K. A Spitz and K M. Wolf 
Land who were- separated from their mothers from the third 
month of life, 34 had -died by the end of their second year. The 
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developmental index Of 1 ll'u? surviving Ortes ftjv 4$ Uid niinai;iI 

I in,- vhihlfcn practically funsitoneJ al Ihe Ich el of idiots. Even aftpr 
4 years many could rtOl sUnd. walk, Ot 'peak, In (his orphanage 
iint nurse Li h.iL tuft irf |0 children. In another home where (he 
mothers were uMt to care for Iheir children much of the lime, duwe 
died and (he children developed normally When these socially 
deprived children survive, ih<) art; Inetpiiendy belting: in iflcvl and 
avoid contact. They arc only capable of superficial con las ts and may 
tOTnpletdy '.hum all close rclulmnstiips, Certainly these observatious 
of K.. A. Spiu need further r .summation, -cspeciu I |y concerning [he 
question if (lie retnmJnlmri is primarily due lo emotional factors and 
whether ihc damage is indeed irreversible. CwindklOrv evidence 
has been pvblMktl hy (V Dennis (1960). 

J. Bow Iby j L96#) dcvcjibts i he e fleets of sc pa raiiort from the mathcr 
upon children aged 15 lo JO months. In an inilial phase of protest 
the child appears acutely distressed at having Cost his mother and 
Lries io establish contact by crying. He behaves as if he expects the 
return of ihe mother any lime and normally rejects other plum. 
This period may last for over a week. It is followed by lihe phase of 
despair during which the child is quoting down, lie is withdrawn 
and in active, The final phase Of detachment is charadcri red by an 
iucfcaseJ iniera,i m ilia environment. The child accepts nurses and 
is sociable, however w-ith no sLrong emotional lie lo onynK When 
she mother visits him. the child stems hardly to know her. "He will 
cease vo show feelings when his parent Is cane and go on visiLing 
day: and it may cause Lhem pain when they realize that, although he 
has nn avid interest in the presents they brine, he has little interest 
in them as special pcsipDe- Me will appear cheerful and adapted to his 
unusual siUialiam and apparently easy and unafraid of anyone. But 
ihis sociability is superficial; be appears no- longer to care for anyone” 
0 IJsnvibv j L sea ms lhaL (he human child is mriaicb biased 

to attaching himself io one figure and if this utuvhmem is prevented, 
serious Jisiurbanew of social behavior are ihc come queues. 

Eft ibis connection Lhe invesrigavioiv. of II F. and M. K Harlow 
i IWO-i, (S&lbi (kserve attention. They raised rhesus monkeys wi thorn 
their mosHierv The animals h.iJ rynty (UffO£Sie mothers, whKh ware 
cither covered with lerrycloih or consisted of bate w ire mesh. Ai» 
lushed to these models were bottles «iLh nipples from which the 
baby monkeys could sul-T ilwir milk- The monimv that were raided 
in (bis ',v;iy later proved io be poor mot liars. 1 he, allowed their 
■■oucig to be remooed without protest, did not nurse their young or 
only after mmiic Lime, and even mistreated them (Fig. I32|. Here, 
too. jiL early childItood experience led io suhstuniiat disruptions of 
laler social bc-haviur. 
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In human t>fjfi|i the case of hoipilaliim thal wai died ahoce 
i* UTsdouktcdiy (he crawesl ease cl' tow of lose, fcui during the nor¬ 
mal coukc rtf devtlcpmum there ue canoni decrees of early child¬ 
hood upttKnni of this nail lire which Only show (heir died* much 
bier. Infant* are certainly adapted ton dote eoeiUKt wiih the m»ihtf. 
and children experience such cornud amonc alt people* la which 
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children are carried about The child that is plateJ imo u atril|E 

into a bed bv itself misses this filing of security in out type of 
culture W* do mot know what I be consequences are for the Inter 
development, htil it is entirely featibk that cur char*citirlriie*Iy 
sober, detached, ;mj critical auiiudes. as well as many neuroses, 
have their row m eJi-cst practices. M Mead <l%5i has attempted 
1 t> interpret some iJiosynemciey of varioui cultures in line with their 
differential e,i rlv childhood experiences. Howeter, wiih the current 
incomplete State of our knowledge. one nntsl be careful nor to equate 
a plausible interpretation w |ih a causal explanation. M Mead writes, 
for (sample, that ■he Munctuguntui' of S‘ew Guinea nurse iheir 
children only reluctantly, Temove them abruptly from their breasts, 
allow |hem to cry. and In general ircai them roughly. 'I'hii, she fccK 
i» ilie root of Lheir later aggressiveness. The Arapcsh of New Guinea, 
cm the either hand, have a very dose, watm. and permittive rela¬ 
tionship with their children, and they are very docile as adults. Seen 
in this lighl Ihe explanation seems Co fil. bul wbelhcT Or not this 
diffcrcni crettuieni of infants is actually the cause of later behavioral 
differences has not been proved. There exist a number of warlike 
tribes who nevertheless treat (heir children with utmost love and 
k,mdrtf's. Included here arc the Nilotic tribes, where the Masai, are 
especially aggressive, They in ms way mistreat their children; on Lhe 
contrary, children are carried on the mother's body, spoiled, and 
cared for. including by the Fathers. 

lit the development of the human child Further sarnsilive periods 
can be found. Between the age oF 2 and 3 years European children 
ilvu u lly begin ■o explore actively and mvesijgativdy interact wiih 
their environment. if this activity is excessively suppressed and the 
child punished for Us often destructive experimentation, and if not 
enough guidance 4 given, then the impulses for independent actions 
soon become surpressed. Creative activity is impeded!, and such chib 
Jrun may lose lhe Capacity to live according to 1 heir own perceptions 
and ideas, and they may be disrupted in Lheir initiative and work 
attitudes (A. Duhrsscn I960}. 

Around the fifth year of lire lhe child experiences a critical 
period (lhe oedipal stage, S-. Freudwhich Is important for Later 
sexual life, The ws.ua! drives begin to mature, and sex-specific 
behavior is deKfffiined, Members of (he opposite sex become Lhe 
object on which appropriate behavior directed to the other sex is 
practiced A boy may seek physical contact with his mother during 
ihis period, crawl info bed with her. and be very tender. Al the same 
lime he identities with his father, who is his model, ]f the mother is 
foe rejecting, homosexyal preferences may result. On Lhe other hand, 
permissw c or even seductive behavior ni lhe mother may oevauunallv 
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attached id i he mol her. and 1 his may lend lo fee lin t-, of guile i award 
the father In this way at least live demonstrable sexual aberrations 
have been interpreted by psychoanalysts. 

Cl iris seek contact with the falheF, who then becomes the object 
for practicing behavior toward male partners-. Al the same time they 
begin to assume the role of the nun her, if she mother does nol 
rc.uhh accept her female role or acts in .1 pronounced niasculine 
way, idenlitkation with her is more difficult and female hmnnspxp* 
ality can develop. A rejecting falher can influence the behavior of a 
girl in the same hmnewxual direction. 

The experience of the oedipid Stage a ITect the process of sclf- 
ideniifleaLion. Object fixation* for the sexual motivations occur 
proKihSy much later. Sexual pathologies such as handkerchief or shoe 
felishisms can often be traced to earlier sexual experiences |,k 1 
Kraindibmg 1924), HcnteteKliality mry ilw be traceable to an object 
imprinting in the final analysis; a predisposition foe a Specific sex 
role may have been acquired during the ocdipal phase. The parallels 
to imprinted homosexual animals are striking. This seems to be sup¬ 
ported by the f«t (lull such preferences arc highly resistant to 
therapy. To whit degree a true cure is possible should he tested 
with the pupilloineirie rests of £. H. Hess (|9fr5i* 

During puberty there is probably another sensitive period in which 
the young person is especially receptive tu new values, Voting people 
are apt to identify with a social group, and often the final political 
and religious attitudes arc determined for the rest of life. 

Knowing about the strong fixations caused by imprinting, one 
is confronted with the question whether « »* right to expose a child 
during the respective sensitive period with ethical concepts. Any fixa¬ 
tions of that sort hamper the development of Free will This is 
certainly dangerous in modern times. 

In discussing this poinl H. Hass ij 196ft) wrote: 

Tb be fair tcwirds bur one StipukJ expose them up te lh» ago or f 6 

only with thbio uthbal ccncupts (hut ant agreed jpup by all man. Oi l: stiduld 
lui ihfrLffsart ptyit but t* them ait the dances at early tuatibx* aod emphi- 
su:* iti-an me* has* a ngfhi mus even ;ts* tkjty to rudijs c« i 0 * 0 , if 

|Xr*-y should corn* Iblffl eppOSI'Ofi wuh [fie parents ©t me commyriii-f- Tlii? rj. 
qt oewrse. a ptopic Mmoopt fqr Ihq lupma-rl. Bui such durtapmeii! is 
pmfijps already inck^led in pyr ywrtg pneptn |p. 2Q6| 


*L H H«.J leund livj! ir* pond* 0l * L-r>I lufefK* n d l.iis* w*ee scw+ »rt#rwl«Xj 
mairitf r* yewtd bur Enrilr*ct when ( i*0«*.£urt'E «S M*'i If * ncripel man 4 

SJSpwn p»:tiiiw 6 f nuti. rr«r,_ jrtj i:lSui lit* ChjP'I IMporse 15 WPP- 

CitHv i }0 £«iv "-fn. on Ptr, a'.'r- fland, i f-art qc‘i*i»Y+'iy iu et rn*r, 

Q-y# shimfci irM hfw em*rj tamos* iu«H leauu. 
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Cariosity tkehsvigr 3nd play 

A conspicuous disposninn t»r animal* foe learning as expressed m 
curiosity and play If we pLac-e a new object into j room inhabited 
b-v rat*. j]I c.iii hv ill explore il ve ry whip. They will CAulkmily ap¬ 
proach the new object repeutedEy ,-n (first, Finally, they will sniff, 
chew, climb. ,uuJ urinate on it—hesitatingly at first, later with more 
wuftdeaic*. Once they have explored the object in this way ihey 
Jose all funher interest Pi a similar manner many hither mam mate 
investigate a new object b>' snilling, looking, chewing, biting, 
scratching, or manipuLating it in some other way. What are the 
typical characteristics of this exploratory' behavior? 

flow observation reveal* that the exploring animal alternately 
approaches and withdraw* from the object of it* interest. Il make* 
contact with ihe object by means of its serve and effector organs, 
withdraws, and approaches again, with a new view of the situation, 
so to speak in order to become acquainted with all aspects of the 
object The anon.il is ,lC(j acted by the object, but it does not tel 
interlocked with il rigidly by a particular behavior, retaining Ihe 
ability [O withdraw- again. I In* ability to withdraw Eli- a dol-ntre is 
ilie- basis for any dyadic interaction. It is typical for curiosity la- 
havior and play. During Lhe ontogenesis of the human child develop¬ 
ment of ibis ability can be readily observed- When the child hrst 
reaches for an object. Lhe rirsi actions are fairly stereotyped, The 
child grasp* the object. brines it to its mouth, and begin* to stick it; 
at lira this i* all th-al i* done. Soon afterward the child is able to 
remove the object fmni ns nmuth again. 10 look ul it. suck it some 
more, perhaps drop it, and reach for ii with ihc either hand- hv now 
the rigid action sequence has become more flexible and the child is 
able to explore. We shall dings' later lhat Ihi* ability to withdraw- 
to a distance is one of the rooLs of human freedom of action. 

At Je;e§i during tkqar youth. most mammals are pronounced 
‘■'creatures of curiosity," actively seeking out new situations for 
exploradun unites ihe compulsion of some internal drive. In respect 
to curiosity various groups of animals behave difl'c-renily both quails 
latively -md quantitatively, FrimuLc* and carnivore* are more curious 
titan ftident*. and within Ihe rodents porcupines are more curitHI* 
Ilian mice. Squirrels are somewhere in between, kodeuts gnaw at 
new objects and occasionally hoard ihem. Monkeys look at the 
objects and tty various thing* wjih their hands, (he Certvfitfurime 
more than the Col&biiiw*. snune risk and birds are also ouriov*- (lave 
■i new object is explored, all inserc-si gradually wanes (S. E. Gtidk- 
manta and k W, Sroges HHtii: A. Wflmchnnjnn l*kS3: see l-'ie. LUt 
There seems la he u drive to learn that can be called a ‘Tcuriiiaiiy 
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it/radt iii^n m o*nn if its-, 3. t. Gbeimwrt msd ft W. Snv)*i [iflEEJ-f 


■drive." ll can be demonstrated ih u.1 there k a drive to lca.rn new 
rt*wWr skill* a'- well as to receive new priceplinl impressions and 
dure io (require knowledge, Some experiments ii-i ■■ o sgpponed thi-, 
view. JUilmi' monkey learned a pueaJc game withoul any oilier 
reward than Ihe performance of (he task itself (FI F. Harlow. M. K 
Harlow, and D, R. Mevw 1950). They also learned .1 Iasi when 
a* a reward they were allowed to took nut 0 window of their eau,e 
|R. A. Iluilcr t9J3: addition^I examples in L. ft. Hilfiard [I9$4|). 

In exploring mis, neurons in Ihe lateral hypoihaljimus *ifld in die 
pre-optic roe ton are active. Eiletlrical slim ulal ion al these lcK..i1ioir> 
is rewarding and r.ils learn readily in self^tirttUlhtc" hy pressing 
levees (It. R. Kort>i vsruk and I- OWs 

Th is drive 10 learn also seents ns underlie rhe play behavior of 
animals. It is iisii.ilIv easy to recpgnior when ms animal plays mid 
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'.■8i<n ij as more wjtWsI)' occupied: ueverlhcJev* it is noi w»y to 
Lve a defiriiion of play. "The animal worts" writes F. Schiller, 
■■when (he behavior Is motivated by some need, and it plays when 
ao excess of energy provides (he motivation" Ihl-i siatemeiu aptly 
duritowrces one or Che rows of play. An animal only plnys when 
it i* sjliated and when it is not occupied wiih other tasks. Play is 
not ducned by any immediate need, but it is nevertheless of enor¬ 
mous. important* for the normal dcvdopmetH of an animal. The 
nuCunr and saluc of play becomes clear when wr sludy bow wide¬ 
spread in is and when we look more closely at (he various forms K 
can fake Onlv the naast highly developed "learning ■a.nim&b" those 
which seek new situations out of their own initiative-- play in the 
true sense They are curious and try out new behavior pal terns, 
learning in the process. Inserts do not play; neither do rich and 
amphibians. However, many mammuU do, especially when young, 
and so do some birds. The llKOiwnic distribution of play seems to 
indicate ihat play is related to learning, and we shall see lhal an 
animal inieracls vilh its environment during pity. ]L experiments 
with things in its environment and acquires knowledge about I heir 
characteristics. The animal colleas experiences during piny with 
conspevilks and learns the possible range of its own marcmenls 
Phis always implies a dialogue with Ihe environment, and ibis 
dialogue is ;i|w-a>> Lite result of tin internal drive. One could even 
assume 41 separate drive to play, hut I ant inclined to believe that 
the drive to learn, which is Ihe basis of;ill curiosity behavior coupled 
with an excess of motoric motivation, will sulhc-e to account For the 
phenomenon of play. Learning takes place during, playful expert- 
mentation in tli-c same way as during endlessly repealed movement 
carnes, in this conneclicm it is interesting (0 observe lhal animals 
develop special modes of art ion during play: that is, they play if 
particular times and only uniiI they fully master what they have 
practiced: then they lose interest and try Something new <1. F.ibU 
Eibesfeldl lOSftai. 

An animal may light with a companion during play iw dee 
before a predator, in mention only two examples. But in most 
instances ihe play version is clearly distinguishable from the aciunt 
behavior: '1 he serious aspects of the behavior are Hacking. An animal 
flint plays at escaping docs not actually flee. A r,il thnl actually Heci 
underground will not reappear as quickly and ihcn on lx with hesi¬ 
tation. The rat playing escape reappears at once. When two polecats 
pursue one another in play they frequently charge poles of the 
follower and the pursued, which dies not happen when the chase 
is m earnest. When engaging in rough und nimble play they have 
an inhibition to bite,, and the threat behavior. which KECmpnaiw 
a real light, is missing. Thb b true for plav-lighling rats, us it ns for 
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$quirrtfi> t»r am iiihe■ pLis -Aghtin$ picdaior. Squirrel monkevs 
■ 4 {u«k eontinuousLv « hois. playing. M' the squeaking slops, a serious 
iishL has started (P Winter. D. W, Pkmz, and J. Latla ]9*6V 

Plav behavior may j|&o be repeated many times over, which is 
e-specr'ilb BdWWftrihy because usually instinctive actions are quickly 
fatigued A dog will iclneve a slick many limes. It may play light 
with another dog until sheer exhaustion or a new exciting stimulus 
brines it to an end 

flow cun this be interpreted? Ai first, one mis hi think th.il in 
plus see are dealing with instinctive behavior -A-hich has not as yet 
maLured. Frequently tins is no! the case. Animals may still play 
tiehl with all the accOmplnving social inhibitions at dh age when 
they are already able lt> fijh( terioiHlyi I his is readily observed in 
dogs, During play a number of Hived. action, pMtera, appear which 
ace in fact pan ol' serious riphtmg behavior, bui these behavior pat¬ 
terns occur independently of their usual funclion. They do not 
appear in the sequence m which (hey appear in (he real liehl, and 
sometimes behavior patterns from different functional cycles are com¬ 
bined which arc mutually exclusive in an actual fight, such ui when 
sexual behavior is mingled with fighting and prey-cat chine behavior. 
It appears as tf these behavior pallerns are activated in something 
other than iheir normal fashion. The fflOtcmcnU of lower levels of 
integration are more or Jess independently activated and nol by Ihe 
iHVtal Of ait entirt instinct fin Tinbergen's sen.se> (I. Eibl-Eibedcldr 
1951c. I95 Ji: M Meyer-HoLfapfc! 1956k This <«ikJ explain why 
subjective correlates that accompany the real tight ate ladling 
during play. These subjective correlates an; perhaps only groused 
w hen the behavior is jLiivaied from a higher level of integration, as 
was implied by the brain -si imuhtioei experiments of F.. v. Holst 
and. L'. v. Saim-Paut tp. 72k Only when behavior patterns are thus 
independent of Lhe normally involved superior venters can an animal 
freely manipulate its various movements, recombine them in new 
ways, and LhuS expert men! with its movement repertoire. It lias been 
shown that the animal actually learns many Lhitias which arc indiiw 
pensable for the acquisition of behavior needed in l iter life. 

polecat', for example, learn during plav the ofieiuation of ihc 
neek hire which is necessary for successful mating fp. 214k and ihe 
wcuxlpecter fmoh Ic+limi* ibe use of the tool (p. 213k Chimpanzees 
who have not handled sticks do not discover that they can he used 
to pull in a banana into their cage. After playing with sticks for three 
days they can soke this problem wilhin 2Q 1 minuses (H. G. Birch 
l#45), A prerequisite for this freedom to play is the condition that 
an animal is free of stimulation to light, rlee. or hunt. All lh«s takes 
place. a> G Bally j 1^45) so aptly says, in a Relaxed field " True, 
irtntti* behavior patterns are used, hut the “instinctive need 1 " i> to 
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he relaxed Ki Hally). The relaxed lield is a.L lirst pros idcd by the 
parental '-.ul‘ and pwiertion which frees the ani mill from the 
noed i o rind its iwn food. and shields il from pnrfilsn, Adull 
.mini,iIs only play when they feel sjl't. and especially when they are 
■■.iji!Lti:J Mv own woodpecker finches regularly played after feeding. 
They took leftover meoNwms and placed them in 10 hole* and 
crCvice* and poked them out again, t hey t>ftqiv placed a mealworm 
hffween n split branch and pushed ii co and fro with tlwiT sticks. 
Ouiside I lie reproductive season many songbirds. sing their most 
vjriabk and beautiful songs. They ’'compose.' - as turd iMn say. 
Mv young polecats after feeding regularly engaged in rough-and- 
tumble play, as did mv bodger |l. E-.ihl-Hibesfeldt 1950a. 1956c |. 

T he playful actions are performed as a tesulr of ait inner drive, 
but this drive dues not seem to be identical with that which moti- 
cates die behavior patterns when they are performed seriously- The 
playful actions seem to have become “unhooked.” This '■independ¬ 
ence of actions fjrpFn the underlying motivation" is. according 1o A. 
Gulilen (I94D|, especially characteristic of human b4fu.tr for. In this 
way a hiatus between needs and their fulfilment is created in which 
planned 1iu:n.tn ihoughi can function rationally without the dictup- 
Live influence of drives The root of this specifically human freedom 
of action exists in the play of animals. 

Ptity versions and Lheir counterparts differ Lhen in the basic 
foundations of their dnse motivaikwn. In the pure case play is undi¬ 
rected ..• first. The animal may engage in play fighting, hunting 
game*, or it may experiment in play, each according. W the mnuie 
of Ihe environmental condition prevailing at the time. There are 
exceptions to this rule, however. Frequently play is directed tuwjid 
■certain functional cycles, so that there are Irjuisiliunt between piny 
and non play bthividf, My hand-raised badger often changed from 
plav fighting to actual fighting, including threoiening calls* espe¬ 
cially during the time when he was beginning to become independ¬ 
ent, When no play purlner was available he often sought out a 
substitute object. I observed several times how- he threatened a bush, 
batting and pull mg .it kb branches. He invited the bush to play fight 
in typical badger m antler, in young rabbits an- initial I escape game 
may begin with several cross-jumps and end In “serious escape.” 
where the animal presses itself to the ground in a dark corner. 

The expressions of play an.- sprite variable and we found many 
examples in the summaxnrs of \l Mcyer-llolupfel (1^). K. Orw* 
(I933|. F. J. j. Buxieudijk flSJJ). .md I-:, hiheldcr (I9S5). The vari¬ 
ous ilicvifio'. of play are treated in detail by M Meyer-Hol?apfel 
1 19J4) and C. AMemann (195 I >, 

We may stale the following enieii i fiw play behavior: 

I. Ounng play we see instinctive behavior patterns alone with ;ic- 
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quired behavior: neither. Wwtver. jk performed in earnest, 
that is with theif specific function although there arc transitions 
between plav and tionplay activities. 

2 . Behavior patterns I hat appear during play seem to be devoid of 
the mol i vat Ling rtieehanisms to which the behavior js itormalh 
subject. 3 interpret this at implying that the entire iaslinci, in Tin- 
herons sense, has not been activated. Instead, the behavior 
pal terns have been individually activated at a h)W level of 
integration. 

J. This results in random combinations of behavior patterns which 
can include actions from different functional cycles and which 
allows, a random change of activities or roles. This seems to be 
the root of ihe ability ro Withdraw, which is a prerequisite for arty 
kind of dialogue. This a hi I toy is lost at once when actual appeti¬ 
tive behavior becomes aroused. 

4 . The animal seems to karn things lhal arc of use to it in its later 
tiTe. and the development of some behavior patterns seems to 
include “preprogrammed" play activities with siblings (for example, 
prey catching in the polecat, p. 214), This aspect of learning wilt 
be further discussed when we discus fads (movcinciti games, 
p. 245 k 

5. There exists a specific motivation for plav which is based on a 
curiosity drive, that is. a mechanism that moves the animal to 
seek new situations and to experiment with new objects, Added 
to this is a strong motor motivation. The urges to play and to 
learn have a common source. Play is an active form of learning. 

If one applies these crilcria. then real play can only be demon¬ 
strated in some higher mammal* and in stmt birds. such as the 
ra^en and ibe kestrel {Is. Gw inner IMS; O, Koehler Whether 

or not fish play remains to be checked. The fish (jrtiiiiion&tnni bal¬ 
ances objects cm. (he tip of its snout which was interpreted as play 
activity, an interpretation 1 hesitate to accept (ML Meyer-Hohjpfel 
L956J, Not all mammals play, however. In most species of mice 1 
have never observed play behavior (E tiibl-tiibesfcldl 

Animals that fight with members of their own species as adults 
practice (he actions during play lighting (Tigs. 134 and 13?I These 
are clearK distinguished from serious fighting bv ihc inhibitions La¬ 
ttice and by the lack of threat behavior, as welt as the repeated 
interchanges of roles. I font polecat Or rat unintenCmnally bates another 
too hard, [hen ihc bitten animal will utter a cry and ihus inhibit 
the partner, but ween bouts of plav there are periods of chasing, 
where ihe roles of pursuer and pursued change often. Polecats and 
badgers jump to and fro with humped backs facing the partner, 
which may be interpreted as an invitation to play, Dogs plav passing 
and cijiling-off game* (j, Ludwig |9frJi. Here ii Lv difficult W dio.in- 
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gMf'.h b*Lwwn play (ifhLing and play prey ealching In predatory 
species the pursuer seems Id be more in earnest when trying ID ttittil 
up with the partner during Ihe chaw, which is in corrtrjst K> many 
veeeiuii.nl animals, where the pursued animal tries ro escape. 
SquirreK run up trees during escape games in which each lri« W 
I'd 1 hr iree Hunk between itself and its pursuer. Neither animal 
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matt* am L’lliTI !t> aciuullv i‘uEL*Ji I he L>ihrr In-acad it thus in lit 
hiding iis MHtsi ns die (Esther appears around a corner. Games of hide 
.1 iid seek arc widespread and so is playful defense of a piritcvlir 
pl&«, My lame polecats liked 10 hide under blankets and peek otiL 
nil It i heir heads, if (mother animal came ehjse it was attacked-, In 
this way they defended wastebaskets and other objects they oanp-ied 
Young steer »nd goats play king of the castle tF F Darling l»37). 

During burning games movements of prey catching arc practiced, 
such as closing in, throwing down prey, shaking, and creeping. 
Often (he animals use substitute objects which are Lreated tike prey: 
the eat with a ball of yarn, a lion with Its siblings, the doe with its 
ball Sometimes impressive fern* arc performed- i knew a poodle 
(hat would earn a ball to the top of an embankment, push it down, 
and dlase after it. Sea lions of the Galapagos Islands dive for stones, 
throw (hem mSo Ihe air. and catch them again, These ’'hunting" 
games can be readily distinguished by Iheir overall appearance from 
Ihe iimI rough-and-lunihk games and chases. Usually there are no 
ins iraiiiM* gestures, although tmnsitiorts eaist, 

Of special interest are the move mem games and playful cxpc-fi - 
incntation with objects. Ira ihe former the animat experiments with 
its own abilities. It jumps. frequently change-' ihc direction, rolls on 
ihe ground, and invents flew move men! coonJi natrons. Wild sea lions 
ride the waves. My young badger discovered forward «>mcrs;iu|(s 
accidentally, and he practiced them tin Ml he was able to roll down 
a long incline in one continuous series. On another occasion he 
discovered that he could slide duu. n an icy road, after which he 
practiced Ihis tirelessly. Under (hese circumstances animals behave 
like children who also practice all manner of loco mol cry actions: 
walking on heels, balancing, and so on, learning many new ihangs 
thereby (Fig 136). tr is also possible that animals acquire km;™ ledge 
ibOiri Iheir own body during play. They play with their limbs as 
well as with iheir own shadow. 

New inventions may be retained as fads in both animals and 
people. W. Kohler 1(92.1!) reported ihai his ehimpOnrees retained 
newly invented games for some lime. At one time they fished for 
object* with long sticks; after they had discovered that chickens 
could be attracted and chased away, the habits changed After my 
hand-raised badger had invented ehv forward somervmlt he concent 
lrated exclusively on this, game for awhile. This animat always sought 
contact with its caretaker and attempted with great persistence to 
get to him when he had been locked up. Once he accidentally dis¬ 
covered ihat he could enter Ihe room by climbing to Ihe low win- 
Jowl edge. After ihis discovery he lost inlercsl in his ctKialer for 
a while Instead he practiced playfully leaving through the open door 
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and dinibiing in ogam Ihrcnigb the window. Similar behavior was 
LibucTvcJ in j beech morlen When we Jlc dinner on an elcvaied 
platform, the ntaMen used 10 visit us, 10 beg for fond not) so play. 
When he had aceMemally discovered a shorter route he forgo! us 
and continued to practice climbing his ness- push. During play an 
animal madputaiec various objects. 11 chew-sand throws them ahoul 
until m has acquired master), over lhcm. in most animats, objects 
are more commonly taken apart than pul together in a constructive 
was. but among ihe :tpes game* involving construction e.dsl, As I 
ahead) mcmloneJ, new objects arc especially hltc-ly |i> arouse curi¬ 
osity, hai gradual Is interest wanes and the animal plays less tE. 
Inheltkf ( 95 J-; A- WUnsehmann 196 J 

During pLn animhls nWkc indentions IhnL Inter prove uscfiil, 
I hp sUvaeal c.vain pic is provided b> VV. Kohler <11211, whose 
vhimpansoc Sullan had the last of reaching for a banana outside 
its reach by means of two sticks thal c.hiU he joined. After several 
unsuttv'sful allenipts at ibis, he wiihdre™. from the task, began bo 
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play with ihe sticks, and succeeded in putting one er.d into ihe other 
Then lie relumed » the former cnvk and readied for the banana 
E_ Inhelder (1^551 described how a monkey [ A/uftje-ia sriem-tf) dts- 
covered lhai a ball could be put tnSo a pail, how the animal repeated 
the game, and how others inn la Led it 

jn nun, iim, play is an experiniertcaijon with, one's md abilities 
by i nieracLion with the environment as well as wilh other people. 
A new element is ihat play is oflen constructive and based cm models 
(Fig, 1J?X One should study in more detail to what degree these 
construction games of humans are based on Specific innate predis¬ 
positions, I or example, children of a certain age especially like 
to build tree houses and other structures, City children who never 
had an opportunity in observe adults performing the behavior begin 
to build, tree nesis or leaf shelters when they go 10 the country during 
vacation 9s there a bias in favor of Ibis behavior? 
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In humans imagination plays an important role in all play activi¬ 
ties. Children attach different meanings to objects and assume 
changing roles during play Such reality is superimposed by phantasy 
1 A OcIlLhi 1940), We also know from i nlrospccfion that we play with 
oar imaginaturns—in tiur daydreams. We will discuss (he biological 
significance of this capacity in Chapter 18. 
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THE ONTOGtHV OF BE HAVIQH PATTI RSIS 


\l I hough inila.li: dispositions of various kinds provide a Iramc- 
wnrk Ifi which play fighting. hunting games, and! so on. occur, play 
iv primarily lihcr-aied action (G. Bally IMS: J Hwmnp I95fr|i The 
independence of UvC basic motivation permit^ an exploratory change 
feint ippfi'.sLlL to withdrawal; as was mentioned earlier. It is inier- 
cviiiiL* hi note i hat during play new irails are revealed which nw* 
mallv cannot he observed. Chimpanzees produce paintings during 
play ihai are quite pleasing w the eye. illu.ii rating a basic aesthetic 
apprecial ion for symmetry and hal.nvce 4 T3. Morris 19*3h, In addiiimi 
Ho thb.. the pictures reflect individual expressions, and in Three 
chimpanzees of dilTerenl social rant within a group, this ranting ujs 
a ho expressed in the individual vulev The high-iran'king mate cov¬ 
ered 1 he entire canvass andl began turning the brush alter each 
moke, including curved lines in (lie picture. The high-raniing female 
also I hied all available space with bold jlnd.es from [he eerier LO 
the periphery. When given several eoton she painted soificlhing 
reminncenl of i rai flbtJw, The low - * run king female, on ihe oiher 
hand, limited herself ro painnng a small spot at the lower edge of 
1 he canvass. She pressed down so hard I hat the paper became roughed 
up I Plate VII). When giicn additional colors she did hide till rhe siitl 
vacant space bur instead filled in the center of Ihe spots she had 
painted earlier. This reminds one of Ihe tree test that psyehologiisis 
me Heallhy children draw trees that spread out their branches in 
alt dirceijcwis, whereas children wiih psychological problems produce 
unharnuMnic sir crippled pictures. 
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MECHANISMS 
OF LEARNING 


in everyday usage k a finny refers. Ci3 iIII: acquisition of nru stilts 
and knowledge. Scicntifkally speaking [his term can be used when¬ 
ever the probability of the occurrence of certain behavior palLcms 
in sped Lc slim ulus situations has been changed -is a direct «unsc> 
quenoe of encounters wills Lhis lit similar stimulus situations and not 
as a res id i of muluM.cion.il or fatigue processes iF.. Ft. Hillard 1954: 
P K. Uofstatter 1959}. 

This modifiability of behavior presupposes special adaptation* of 
ihe organisms, Firtt. an orgafiisnt must have the ability to memorae, 
Furthermore. it rtm>i be programmed in such a way a* so he able 
to Ui■>!i ill'i.i ■■■!i experiences thus are possible fimn cities ihai are ner.i- 
lire wiih respect to the preservation of the species. This means, 
aiming, other things, that an animal does not indiscriminately asso- 
eiaie each environmental stimulus with specific pcrceplions, This is 
actually not lIic ease, A rat that has Easied poisoned bait will hence¬ 
forth avoid ihe bait but not the place where it was found (F. 
Stdnigcr I.9i0|. That lasle and olfactory impressions are associated 
wit la siwcral evneti lions, sm the one hand, and pain stimuli are 
associated whh auditory and visual stimuli. was Jeiniutstraled m the 
experiments of J. Garcia and !■'. ft. F.rvin (I96S) and Jf. Garcia, 
13 K- Metscman. and others £19*8). When people have beeeWie 
seasick they lend io associate ihc nausea with sped lie odors ur floods 
but not w ilk the ship itself- Differences in this kind of programming 
front species to species have been discussed in Chapter II. Io vs 
cord a nee with these differential dispositions many species behave 
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Jirlcft-.ilI even in artificially uniform expcrimeaidJ sitUd lions | K- li 
Giti&suuAn 3M7), Winn is positively or negatively reinforcing during 
training an animal must “know” before all experience, A* we have 
seen in Chapter 14. nn organism inn tie *0 constructed that It nw 
„-,nL\ learns passi vely fnmi even Li taking place, bat also actively 
'searches our ilie unknown. In is cir thus. This requires the existence 
%>| appropriate motivating mechanism}. la Lhe following section} we 
will discuai s3ie motivations underlying learning processes and the 
rwilaic of memory. 


The experimental analysis of learning 
and its motivation 


Th.c simplest learning process is called habtttuuien. The animal 
Icurns passiv ely to refrain from responding furl her to repeated fftmuli 
which are nd accompanied by pwilivt or negative reinforcement, 
ill :n is, lii'.K-.t event} which biologically are uunifraningfiil to the 
:nnin.il A clawed frog will scarile when one raps ilie side of its 
container If this slim ulus is repealed several limes, ihe animal will 
jin longer show escape behavior. An additional example is the 
habi mutton of gruilaa geese 1o siltioiielLcs of birds living overhead 
[p- 7Sk 

In liiL 1 her learn in g processes two basic types are generally 
dtslinsuished: 

IT 

I The formalion of condihoned reactions or reflects by a process 
of ekzssrrflJ c&rutiiivning, 

2- Reinforcement learning as a eonsequence of Ihe org uni >m"s own 
activity, called, initrnmriri^l nuKtilfomug,. iritii'fittJ ^mir teaming, 
or comtuio/red reflex iype ft. 

Cojwple*. mmi.jIc behavior patterns can be released by conditioned 
stimuli a tier appropriate (raining, Japanese qu.nl (fn/un: i s •m.i irnMj.i 
jupanrta) will show- species-lypic.al courtship behavior in response 10 
.1 hitwer when it was previously paired wilh the appearance Of a 
female The various components of the behavior become linked in 
a specific sequence, which .approximately follows their appearance 
during ontogeny, with the conditioned stimulus, and they ape cxiin- 
gushed m the reverse order tH. F. Fsrrb 1%?). 

Ihc formation of conditioned reactions has been studied in great 
detail by | 1*. Pavlov and his school We cited rhe case of a vfoe that 
salivates in respojive 10 the sound of t bell us an example of Mach 
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,i conditioned rratuoa tp. 66). A previously neulral stimulus, which 
|tmf<)p ihe presentation of food repeatedly will cvemually elicit 
(he unconditioned rtiponsc (0 the food, wn when ihe food itself 
it not presented, The initially neural siimulus is coupled with the 
unconditioned stimulus; lin ihe response. If one illuminates the eye 
of an animal. rhe pupil will contract, if this lighl i* tCCOiH|pititie<J 
fey the sound of a belt, Lhen Che stimulus become* as&oeiaicd with 
the uiteonditLoned s&icmilus, and the pupil constricts evcmually nn 
response to the sound alone. prom time to time the unconditioned 
stimulus mu&L again be paired with the conditioned stimulus. Or live 
condii ioned react ion will gradually csirngulsb. after which ihe animal 
will no longer react to the conditioned stimulus. Negative assvx-ia- 
Lions are retained kinger without reinforcement than positive ones.. 

En tirttlf training an unconditioned read ion is frequently linked 
up wtth new conditioned stimuli In Lhis way circus horses can be 
brouf lit to perform rnrtaic behavior patterns in a Teliafele fashion 
by presenting conditioned stimuli. Rearing up on. the hind legs, for 
etvam pt*_ occu r» flaru rally du rang, rival fic bts in horses (K 2«b 19W). 

Sehavjtwisis in the UniieJ States, in contrast to Pavlov, hast 
i heir investigations of ihe learning processes upon the spontaneous 
actions of ihe animal. Typically. an animal is placed into a closed 
cage from which it can escape fey pressing a cenuin lever (k. S, 
Lashley Of where it can obtain food or water by preying a 

fear (B. p. Skinner I ■SIS; see also Fig. 1JS|. Hwwfett. il is possible 
to reward any other movement of the animal, for example, when 
the animal turns !o the rijhl. Thus a pigeon can be taught various 
increments of a sequence of steps by reinforcing each increment 
with food, so ill at within a short lime iht pig-ton will walk in a 
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Cirde, as was demonstrated by Skinner. If a pigCOil Ls rewarded each 
iim*: ii raises [Ls head above ;l certain line, it will sewn run about 
wiilk ii> head raised- If a piceon is- to he Irfttned to peek at & marble, 
one mi n ill', regards Ihe mere turning toward the marble, then look- 
iiv ji the rnnrtsk. approaching 1 he marble, and finally Hie pigeon 
» rewarded only when it poets at it 11 has been possible to iraii 
whales \Gtohii#phiita} at Marincland. California in the same way. 
Feu example. they -w-ill slap (heir flute on the water surface in re¬ 
sponse up .i command and continue unlil fmn a signal to stop. 
Initially Use u mmols were rewarded whenever they accidentally hit 
che water surface vuth iIsrif tail. They very sturdily learned on what 
the reward depended. Olher inilhnl whales ( frviphiaidar} kinwd 
in a similar way to jump together out of the water, to dive dot'll 
head iLrst. propel themselves bocfcwunl while Handing on their 
flukes*. and many uthu triiflt*. (H Hudiger l%3; see also Fig. tj9). 

Looking at a teaming curve of, say, bar pressing: in a rat. one 
can generally see that the lirst few successful responses seem to have 
had no etletl. However, after a few tUKtssflil performance* the role 
of h»r pressing, irtCPMkcs vharptv (Hijt. .140-jc fi. F. Skinner (19SJ) 
has proposed to lead school children through learning programs that 
base been broken into small steps, where lhe reward consists erf the 
student being allowed lo progress to the besi skp in the program 
after successfully completing Lhe preceding ones. The immediate 
reward of success strengthens the teaming process-. The results of 
*ueb progranulkL-d learning depends. Lit course, Iin Lhr ahililifs of iJie 
programmer. Furthermore, one has to realize thnL in this way of 
leaching the forming of individual Opinions has been precluded. 

A favorite rticlhod for the siudy of learning processes is the roASe 
experiment* which was first used by W. S. Small (LUOOl to train rats. 
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In slush an experiment the uftim-nl must hurst the poSJi tv a goal 
which eannol be seen fiturl Ihe starling point. CtuftpkJf iHaJtLs bavL- 
manv dead ends, jekJ 111 liinu the .inunal 1cur£* the shortest route 
tc» the rtuiird in Ihe coal bo\. Very simple miz» are of V or T 
form. The animal may run in open, closed, or on ckvjied runways 
Figure 141 shows several or Ihe types of mazes that are frequently 
used (see also N. L. Mujtn 11954)) In Ihe evaluation of nnnzc expert 
menls. the twttHOjy of the animili used should he wtidtftd. Rats, 
which normally live in tunnel systems, bring a specific learning 
JispodiiL'iri lo Lhe experimental 1 situation which mans other species 
do not have. 



a 
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Mjze experimenis have shown that such reinforcement learning 
is not limited to the specific siluatkm in which Ihe learning hjs 
taken place, if mice have mastered one maze, then they ean find 
their way. without additional: learning. if all angles of paths leading 
away from the choice points have hcc-n changed front HO* origin ally 
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IO 45 CM m\ or if ih-c lengibs of the runways have been doubled. 
Iaa'ii Mu.- mirror image of an uriem.illy learned maze cjui be trust* 
ililJ . At the lirsr choice points they nuke errors hut sheo seem to 
Liiisk'c ■■i-iii-J the principle ami are able to transpose. In the house 
mouse this ability [0 transpose b maintained ever afLci the mice 
are blinded. but if the visual cortex is destroyed, the ability is losl 
(I.V. Omtsr and N. Heim burger, oiled by O. Koehler [1951. I953JJ, 
Hals ihat have (earned to mil through a maze cart still find their 
way wlien they must swim it. and no addi tional lea min a seems 
required ifJ. A. .VIjeFarlane 1930). £. C. Tolman (1932| has pointed 
out in i hb connection that I he animal 1 dues not learn movements 
hut meanings An animal then runs through a maze, he said, discs 
not [earn [movement patterns bul a concept of the path to the ecu I 
ihat it seeks. Ili.ii higher animals are guided by conceptions of the 
goal can be demonstrated by the fact (bat rhesus monkeys, who have 
seen a banana hidden under a cover. will continue to search for it 
after ihev have discovered a leal" of lettuce that has been surrepti¬ 
tiously subsiit.ited for the banana. The animals are quite agitated 
during the search, undoubtedly hi led w-ub some cvpoctatmn When 
learning a new task animats often try oui what brouglhL success lust 
lime, K. 1.1 > in a new maze will, for example, repeatedly turn rig.hr 
or left, depending on whal has mosL recently led to success. Or 
they may alternate. Thus at the beginning of training there is no 
random Inal; instead, the animats behave as if they were trying Out 
“hypothec*" (I. Kreehevslty HOjJ), Improwinctiw are made only 
alter Ihe rats abandon their hypotheses 

H-.i-od cm the farrow experiments .I number of learning theories 
were developed. Much discussed was I he question of what were the 
preconditions necessary for an annual to leant- C- L- Hull (I9-0) 
emphasized his theory of the strengthening of reaction tendencies 
along Lhe lines of 1: 1 Thorndike (I9)U, asserting tbas iL-ainiitg 
will take pLive only when flu- correct response n rewarded in some 
way, where Ihe reward leads to a reduction of a specific drive, for 
example. hunger. Such a reward leads to reiefcirvement ol ’be 
response 1 1: a i has brought it about. 

In contrast to this, the theory of contiguity of E. R Gulhrie 
(L952) siaLed that such a reinforcement is not a prerequisite far 
learning, Associations arc farmed by Ihccbse contiguity of stimulus 
and response The behavior is not strengthened hv the reward but 
is pretended from decaying. For example, if an animal escapes from 
a puzzle box. it will not fotgcl the behavior that led to Ihe escape 
bctaLisL- it is removed from lha! environment and bus no oppor- 
tunny to form new associations. F, 13. Slicifjeld ond T. Ft. Roby 
(1950) claim to have demonstrated that a reduction of a physio¬ 
logical need is not newsvcry for learning, They rewarded fats with 
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saccharine. Furthermore. li found th-H ran will Ic-.irn ,1 maze 1 
mot only because they receive a special reward. If they are allowed 
10 run about m a maze without any regard, they mIi later learn ihs 
maze much quicker when the stmt contains food, than will conlrol 
animals which have noi had this prior experience During explora¬ 
tion. learning is said w be latent 1 (Nt. ll. Elliot 193Ck H C. 
Blodgett 1929; £. C- Tolman anti C- K. Horutik 1930 f. This latent 
learning hat been cited as evidence against Hull's reinforcement 
theory. However, it is possible to say that in this case the "cariosity" 
of an animal becomes satisfied. ll is certain, however, thaL the 
opinions expressed by C, L Hull (M) and li- F. Skinner *1938} 
that hunger, sex, and avoidance of pain .and a few other drives arc 
the only motivation* for learning is surely incorrect. My own experi¬ 
ments with squirrels have shown that inexperienced animals will 
learn to open nuis. although the kernels have been removed anti the 
shells eked together again (I F.ibl-ELihesfeldl L%7|. If gnawing is 
activated in rats as a resuLt of brain stimulation, they learn a Lasl; if 
their only reward is fo be able fo gnaw at wood or cardboard (tv, 
\V. Huberts and Ft. J. Carey IVf-iri. If the rats happened to be eating 
during the experiments, they stopped in response to the brum stimu¬ 
lation and sought out objects to gnaw, which dearly demonstrated 
that the drive fo gnaw was activated rather Lhan the feeding drive. 
It seems then that the mete performance of fixed action pallerns is 
already rewarding, a point that had been made by clhologisls (p ?4). 
In a hktnncr box the rats learn to press a lever if they can administer 
an electrical brain stimulus to themselves by means of implanted 
electrodes. When the electrodes are in a certain location the fre¬ 
quency of bar presses increase* rapidly. The self-applied stimulus 
seems to be rewarding. The animats will even cross an electrified 
grid to gain access to the lever by which they will obtain the brain 
stimulus In one specific local ion the frequency of self-sl i mulation 
decreased until testosterone was injected, after which it increased. 
In oiher areas rhe fre^uencs of seLf-stimu|aiin«n increased when the 
animal was hungry. Undoubtedly there is an activation of mecha¬ 
nisms resulting in pleasurable sensations which are normally a vsuciaitd 
with mating or feeding <J. Olds I95E). Finally there ore acquired 
secondary molivjiions. One can become used lcs a certain kind of 
food and- have a very specific desire for it. One becomes attached to 
one specific environmenl and is homesick when one is away Trom it. 
[f all these possibilities are included under the heading of mouvaiion. 

I hen the theory of rei nforeemen L by rew ards is undoubtedlv correct 
in respect to PearmnE. Simple conditioned reactions and some other 
learning can also he explained according to Gulhrifs principles: A 
lemporal or spaiial contiguity of objects or events is remembered 
viitbuvl any demonstrable reward or pumshmenl. Sometimes ami mils 
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,irc i.iu.il! unuiujl pusluies or movements by pjv*Ucly forcing 'hem 
m [HTform ihcse forms of lineitheifc: learning. Circus rninuls jrc 
liivjshl in ■ hi- win- to- siand on (heir head*. progress in 

k~:i mii.R!! i' fiicil Staled by additional rewards iH. Hediger 1954j. 
Balinese gills learn (heir comfit* dunces by guidance from a leather 
hi means of JiincMtieiic training lG. Ekdtvon and M Mead 
•.<rc also E-'ig Hi). 
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Lip to .1 certain point one can use visual paired companion 
c.i peri men is to compare lire teaming achievements of various animal 
groups. Ihe animal is presented. with iwg stimuli side be side, for 
L i.tniplu. :t dick and u cross. anJ allowed to choose. Choice or one 
si ini ulus beads to Ibod: the other leads to m.i reugid or ic> electric 
siiiHs Ihe siimuli arc randomly svriiclinl in respect to position. En 
this siniiiLioii ihe animals learn to choose the rewarded stimulus 
An nvik'pus mastered three uski, md was. able to discriminate sit 
diltcrem stimuli il /.. Young 19613. Trout ITrarta ir«ica\ mastered 
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up io 6 usks. iguaba t fguii/ta 5. large chietfen* up to 7, .md 

an ii^litn elephant rind -a honw up to 2fl (11 Rens.eh 1962 k Memory 
has heeit tcsied in many Specks: (bt octopus mad* Si percent cor¬ 
rect choice* after an interval of 57 days. A carp was able to distinguish 
a eirek from a (m after I year and S 1 4 monlhs and selected ihe 
posingve s(jmM|us ugniJitaiuLy metre. A trout still retained a task after 
lift days, a rat after L year and 3 months; an elephant retained 12 of 
li visual discrimtnjllons after I yeaf. -tad j hot*e remembered 
19 of 20. The qkartliutive itiiminuitt perforaianccs of these animal 
stroup* are quite similar and do noi re lieu the great difference* 
commensurate ws(Jt iheit phylogenetic Level of organization lit. 
Rensch (962), M t E- Rittennann (1965) believes that he has demon¬ 
strated qualitative difference* in learning abilities in li»h, reptiles, 
bird*, arid mammals, pish do nor learn a habit reversal, ,i task in 
which after learning that one of two stimuli is positive, (he previously 
negative one new becomes positive: then when the new usk is 
learned it is a^ain reversed, and *0 on MQflfcevv ruis. jisd pigeons 
t|uicfclv ksun reversals. Turtles dtd not learn a visual reversal but 
were able to make spatial reversals, where 1 hey had to chore between 
I wo identical signals on two different sides, tli Hermann ha* only 
Lasted a few species, so that gene railrations are noi well founded. 
Gobies and blennies i CetH'idar and Rtc-tunidac') probably would sur¬ 
pass many a reptile m their learning abilities, 


Nature of the engram 

A basis for all higher aecompiishmenls is memory, and (his has been 
demonstrated in all animals wilh 3 central nervous yysiem, including 
planariu Opinions abeul ihe learning capacity of protista diverge 
(VV. |j. Thorpe 19631. According to B. Oelbcr |I965) pintriKcMi 
gather about a plaiinum wire which had been bailed repeatedly. 
||. Mathemer's 4 1966 j experiments to tram bypOiriehou* Liliates, on 
1 he other hand, vielded negative results However, he agrees in 
principle that pratoaonns can learn. 

In vertebrates the learning performance is clearly correlated with 
the si?e of the brain, whereby Ihe actual size of Ihe bruin and the 
emmhef of ganglion cell* seems to be more important than the 
systematic position [IS. Rcnsch 1962). ft seem* ecru in ihai several 
levels of Ihe sent rat nervous system are capable of learning (K. 
Hernandez Peon and H. Rnisr-Carmann 196 If Fto^s arc able to 
learn with only their spinal cord \L. Franzftket 1955), In mammals, 
most, hut noi all. experience Is stored in the neocortev. By electrical 
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si j ei iu l.ituin .if various regions oflhe temporal iwoeorlcK. w, Pc afield 
^ 1952 ) w.i- able to elicit jKH.igcctL-.il and optics! hallucinatory images 
in epikpnc patients, 1 he pa.rLcrus also remembered three Mm^juionn 
.i free excision of (lie stimuljited iipca, Uhl- can cwidude. ihefcTorc, 
Him the memory trace is also present in the temporal region of the 
other half of Lite bra in. That memory traces of one brain hcmiipherc 
are jilso projected to the other hjix been demonstrated by the expert, 
jnents or R. W. Sperry (]9t4] and ft. f:. Myers 4195*). 

If i he optic chiasm of a cal or monkey it cut in I he sagittal plane, 
Uien the stimuli impinging on one eye ate only i ran'mined » the 
hfimulatcral hall'of the twain. After this operation it is possible to 
leach tlbc animal a simple discri mi nation with one eye such os dis- 
linguishitig it circle and a square If it has learned with the right eye. 
Hi is ey e is covered and the animal is t hen tested for dLsc-rimlnaiien 
wiLh the Left eye. Such Ic-tc of transfer arc successful. wbKh prwes 
thal during Learning a projection of ik infermition from one hemi¬ 
sphere ro the on her has Laker place. However, if before the training, 
one also cuts the corpus iullosgm (I'iu- 143). then th* AiHIHrUll can 
perforin the task Link '.villa I he Lt-iuiuJ eye ainl completely fails With 
the other; an fact, the animal behaves as if it had two brains. 1 Each 
eye learns independently, so it is posable to Wacb each Cye MMW* 
thing diiieicrt. If. cm thu other hand, oar transects the corpus 
callosum after training with one eye. the animal remembers what 
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u has burned abo when the t>ris(rt eye A tested Yin* merwwy copy 
J(<% not slcsii Co he as sharp. however. For dirhmli probLcin-. i his 
projection of the memon' Iracc is not sufikieni; direct sensory infer- 
militn ^ m9ft effectrv*. In JiurmmSi One hemisphere as more special¬ 
ized for the storage of memories chan ibe OLher. This is especially 
true for ihe menio/v of words. 

Jt 

The naluie of a memory Ince or digram is not really known 
today. According 10 J C, hecks (I9JJ) memory'canasCs of electrical 
reverbaniing cineuiti which, once activated by 3 specific excitation, 
continue. This reverberating-circuit hypothesis is opposed by [henries 
chill assume structural changes at and in Ihe cans)ion cells. Morpho¬ 
logical changes have frequently beer* demonsCraled al ihe cellular 
Level. Changes occur in ihe number of micros omes, apical dendrites 
of pyramidal neurons swell, and changes take place at ike synapses 
themselves (R. W. Gerard 1961). Ln recem years biochemical hy¬ 
potheses have also been advanced. Thus experiment with pfanaria 
l Du^eiin'i suggesl a basis of memory in some substance. Planaria 
were euL in half behind Ihe pharyngeal region after they had learned 
a l;iJi. When the brainless posterior part had regenerated a head, 
this animal was said to have retained ihe lack (J. V. McConnell. 
A. L. Jacobson, and [>. R. Kimble [9959]; J B. Best 1963). The 
changes that HOMtpiey learning mitsi have been distributed 
throughout the tissues of Lhe entire animal and not restricted to the 
central nervous system. The biochemicaL learning hypothesis for Lhe 
nature of the engram seems to be supported by experiments which 
showed Ihat if trained Cl at worms were fed to untrained ones, lhe 
IuUct learned faster {J. V McConnell 1962) A L Harify. R, Keith. 
Lee. and W. D, Morton (l%4) found. however, that planaria in 
general learn buiier after cannihaIism. even when ihev me untrained 
planaria 

There were indications that rtbonuolcic acids fRNA) are the 
carriers of in forma Lion If animals were 1 rained, ihen mi in half, 
and ihcir mils were allowed to regenerate in a fi Hem odea wf soLuiirm. 
ihen no mentor}' was found after regeneration; this in contrast to 
Ihe tails of control ansmals. which regenerated m normal pond water 
(tv C Corning and E, H John 1961), 

A- L. Jacobson and others fldftii and F ? . ft. fSabich and others 
fl965) trained rats to search for food when a clieLmg sound was 
presented. When ihey had learned ihe task they ran toward the food 
disk upon hearing the click sound, even when it was empty. The 
trained rats were killed and RNA was extracted from their brains 
and injected Into the peritoneal cavity of seven uni rained rats: 

control animals received ike extract of untrained rats. In 25 tests 
per ammak conducted by experimenters who did not know to which 
group an animal belonged, those injected with the brain esitacl of 
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trained rati approached llw f(Md dtsh (Ml I he av erage trf limes 
when like click siiinutus vsto preventtl, while I he control animals 
jj t L so cmlK once M the average, [he effect took place 5 hours after 
die injection uid lasted over 24 IwMin. lit a second experiment the 
cvavluiitMi ii probable fhiii spctilie information is transferred. Inca* 
p?ncm.ed rats. which had been injected w ith extracts from rati that 
w«k trained to respond to tiie dicks, re-'.ponded in a critical test 
[during a random series of light and click Hitndli) sigrtiftcinlly more 
ut did stimulation with approach io the food magazine. In con¬ 
trast. animals that had been injected wills KNA from rats turned 
to respond to light sii-muli approached food. significant!} more when 
a lie hi stimulus was presented. K K. Babich and others were 

ahk to transfer memory contents Own homsicr brains into rats. 
All these eapciintents hate been criticized. however, and are not 
vet eendustve. 

I here seems so be a correlation between an inhibition. of EtNA 
.ititLuboJUm anti a decrease in Icarnina; ability. An increase of this 
mcLjho'lk'jn by drugs strongly enhance Ihe learning capacity of rati, 
it has also been shown ihat the KNA content of nerve cells in rats 
increases durine the |irst year of life as a result of stimulation In 
animals ihuc grew up with a lack of this itirflulaitort,. (he KN-A eon* 
tent remained kw (H. ilydin l^GI: If Hydin and E Eg} haz.L l%2>. 

A mecbjnisni for these changes is proposed by 11}den as fol¬ 
lows: Impulse scries from motor and sensor} cells change ihe ion 
halo nee of (be c} toplnsm of ihe a Heeled cells, A given impulse could 
produce a permanent change in ait KVA molecule. I ah new RS.A 
molectile, although only slightly changed, would direct Ihe synthesis 
of a protein molecule d-ilfering slightly bin signilicanrly from that 
previously piixjitccd. Hyddn assumes slut the new protein has the 
property of respond dig to the same electrical pattern I hot created 
Lhe change in the KM A. When the same elcciTk.it pattern docs occur 
again, the new protein dissociates rapidly., causing an cvpto>h e 
release of the IransmitLer suhsiauec at the synapse. This allows the 
electrical pallcrn to bridge Ihe synapse and be passed along by I her 
second cell, then bv a third cell, and so on The oerve cells ilien 
respond differentially, depending on whether or no! the arriving 
electrical pattern is new or bnv occurred previously', 

VtuJL- recently doubts h-ivc arisen us to wild her KVA is ihe 
transmitter of information. Ihe synthesis of KNA depends on the 
code which is present in dbOS-ytiNwiiuCkk ucid. It is possible that 
tJX.A changes during learning and that this causes the changes in 
KVA synthesis <J. ttumvci NftJ; CutCO 19 M)l KS.A would then 
oil} he ,i link in a chain of events and not the storage substance for 
ilie epigram, This rote would he aligned to 1>MA. which is also lhe 
s.iftier of the “inherited memorv.'" As early as the E. tiering 
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11 Mb} vuipeeied fundamental similarities between mcinMy and 
in.heriijti.se, which he referred Ic a* organic memory. Whethir m 
not She ability,. acquired during phylogencus, go score information 
on ,1 hiuleCuhlriv pltt^lMinNl basis as Used duririg k-iifitaitt' has CO 
h* shown by additional experiment*. There iv much in favor of This 
view, hue Mime caution is advisable in She interpretation of She work 
cited so far. especially because n number of investigators who re¬ 
peated the rat experiments of J&coteon and Babich could nol confirm 
their results (VV L. Byrne nod ethers. I9 <h6). 

The structural hypothesis and she reverberating circuit hypothesis 
earlier tliw.’ii'rtcil supplcnicnl One another. |[ has been found, art rhe 
meantime, ih.st a distinction can be made between short-term and 
long-term memory, whklh. as was shfrwfl in new experiments with 
the octopus, are located in different pom of ihv brain (B, Boycott 
19 * 5 ), 

Short-Mffrt mernwy eould depend on reverberating circuits. This 
hypothesis is supported by ihe observaiior that supercooling to the 
point of cessation of all electrical brain activity and electroshock 
eradicates it. This short-term memory precedes long-term memory: 
the more lime thal has passed after training. Ihe more difficult il ts 
to eradicate what has been learned 

Rats and hamsters show a completely normal learning curve il 
they are subjected to an electroshock or supercooling J hours after 
a set of trials. If the same is done I hour after training, learning is 
sJivvivf- At inrerv^s of IJ minutes between training anil shock, 
learning is xigiiikLu.iiily disrupted, and if the animals arc shocked 
> minutes after each training session, no learning improvement oc¬ 
curs, If it goldfish bruin is injected with a drug thal inhibits protein 

synthesis. foil 1,1 xviny a learning [rial, tjlfrt Lhc pjsh liicgcls whai. it bus 
I c.lined; ili 1 Jong-iciYii mepusry dexetops 1 B. W. Agra no If IMT). 

It is ■quite possible that excitation initially activates reverberating 
circuits, ishose activity over a longer perk*! of time leads to struc¬ 
tural and biochemical changes j R \V Gerard l%i: D. O. Hcbb 
19+9], In hne wiih this theory a dynamic principle li postulated for 
short-term memory as coutrasted whh xEruclurul changes ax a basis 
f« tong-term memory, 

Abstraction, nonverbal concepts, 
and insight behavior 

A notable result of training experiments b 1 her realieackm ihat ani¬ 
mals are capable of achievements usually placed in Lhe category of 
human "higher bruin functions."' 
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This is Hue first of all for (he ability to abstract and to generalize. 
JniJu' previ».'bsK discussed visual discrimination expert mcnK(p. 256). 
an ,| hi iiuil le.irns to distinguish itro simultaneously presented figures, 
pj^iei-di, or colons. The approach to one p;UL<fn is regarded (positive 
stimulus) and to the 01 her is punished (negative stimulus). Dunne 
the lmukc of (Jus training i( was Hound that the animats can nstng. 
rtiie similarities beiween figures, They absrraci and draw, so to speak. 
Ihe avcfbal candwrioo "this is similar to that” (B. Rciudl IW). 
Fish arc already capable of forming, such averbal concepts. Minnow s 
dial wen- irained (o distinguish a triangle as (he positive stimulus 
j>Lint a sL|uare as the ncgaLit-e stimulus- reacted positively to an acute 
ancle versus a straight line, m line with the previous (raining. They 
apparently had '‘abslracttfd’" the cue ' pointedness' 1 ' as the positive 
stimulus. An elephant that had learned to differentiate ait x ri a 
pcsibec stimulus over a circle, later responded positively 10 any 
stimulus (hat contained crossing lines, Jn these cases ihe animals 
seem 1o leant only ihe most characteristic cues contained by the 
positive stimulus and ignore Ihe rest. This also scents 10 Lake place 
in the natural situation. Toads (hot have been Laught to avoid 
inedible prey model ■■ “abiCMCT various dirttrent cues. Initially they 
react quite specifically. Only Eater do ihev begin (0 generalise. 
Toads lhat t trained at lirM recognized negative models only in a 
specific location and only when (hey were moved in a certain way, 
They had to learn to recognize Ihe models in Other situations Some 
learned to distinguish ihe models according to color, and I hey recog- 
nijccsl this color on oilier models. Other animals avoided everything 
fiicsentcd alTcr only a few negative experiences, everything, that is,, 
except mealworms. They even rejeclcd grasshoppers. One female that 
responded :n (his wav later lean!td to distinguish a moving model 
that was pulled past ihe animal from prey (hat mewed on its own. 
ll eventually j(c grasshoppers, but it avoided nrealwxwms that were 
pulled on a string. Mealworms lhat moved by [hemsclvcs were 
eaten (1. Eabl■ FJbesfeMi 19Slaj. khtsus and capuchm monkeys are 
able to recognize piclures of insects and flovrew. implying a capacity 
io generalize |R. L,ehr 1^7), 

Animals do not necessarily learn all the characteristics of ihc 
peiijiivc or negative stimulus, SiimetimeS ihf? learn ihe relation of 
ihe- pailerns io each other, if wider si rapes arc presented versus 
narrower ones, (he animal docs not learn the specific width of a 
stripe but instead recognizes ihe wider or the narrower of ihe two 
■is (Jiv training stimulus. IF the narrower stripe has been learned as 
the positive stimulus, and a new stimulus pair bi iiltw presented 
which comains a siill-n.irnmcr siripe, (hen this new stimulus and 
not ihe iiriein.il positive one (which now is negative) is responded 
to. In .i similar manner, animal? learn to dlMK ill* lighter of two 
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shade* iij u r.L\ . where Ihe positive Stimulii* n aIw Jy& tighter iJi.m 
the negative stimulus- 

Ahmraeiions- are ai the yinc lime genera liimtioiu. &■ Rvnwfh and 
G. DlkSker (1959) have shown how- fax this ‘"avc/ba.l" concept for- 
itMtiM can be carried. They gained a eivel tat to develop ihe 
concept 'heist straight" by ini King the animal in respond mo 
parallel half-circle* as the posilive stimulus and In two parallel vertical 
stripei as the negative itlniului. when the animal had learned Ibis, 
she patterns were rotated 90*, then in a different arrangement of 
the stimulus components. so that Ihe animal was forced to pay 
attention lo the One WtUrtl feature '-he’n ! l >n a circle." F'lnaEly, the 
animal preferred any hem lines over straight one* even when they 
appeared against an entirety different kiekg round In a similar 
manner, Rensch and Dilcker were able to leach the civet cal the 
concept ’‘equal-unequal” {Fig. J44|i. 
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In ibis connection investigations dealing with "value CMMfFl*’* 
in primate* are important. Chimpanzee* learned the differential 
symbolic value of chips of various colors and sites (J. E. Wolfe 19.16; 
J. T. Cowlgs !WJ. 'I he animals were able to insert blue, while, and 
brass discs into a food dispenser ;utd receive one Or two grapes ot 
ftc*4 at all Soon they preferred the blue chips, which brought the 
biggest reward, The animals could be trained to perform certain 
tasks by rewarding them with chips which they then exchanged far 
fixhl These experiments were further varied by teaching the animals 
iliat s*sme chip* were for food, others for gelling out of the cage. 
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.niki uihii' for plikvsii • wiLh the keeper. Some animal* utilized |ji« 
fhip-H .iceofdine So iheiT heeds. One female used light-blue chips 
y,lu^ii -.|if could drop inio ,i slit in ihe- door so is would open when- 
(H't il:e cameraman, of whom she was afraid. arrived to lake her 
picrur-cs The chimpanzee* undoubtedly had learned il*o Value of [he 
various chip*. This same ability has been demonstrated in some other 
Um er monkey-' by T, Kapunc (I sec also for additional refer. 
cnce*l A female rhesus monkey finally mastered sis different value 
concepts. 

The highest achievements of generahiratiOn teem 10 have been 
discovered during I he im-eil,i|aliOrts of GOUflllBg abilities of several 
animal specie* by O. Kochfe* |IW, II9J2:, !^-55>- 

Piceon\ paiTOli, ravens, and squirrels learned So sole only a eer- 
Iftin number of kernels or pieces of food from a larger number. 
Raven* were laughs So take only a* m-iiny a* were indicated On a 
sign. If the sign contained two dens, they chose the rood dish whose 
ciVi-srf also coffined two dors. Alter further training it was no 
Longer necessary for ihe size and arrangement ol" ihe dots Oh the 
visn to eoi-ncide with ihiwc on >bc cover. The birds selected solely 
on Ihe bitsis of number. One gray farm Learned to open as many 
food dishes out of seven and take out as many kernels a* was 
indicated by the number of times a bell rang. The bird atw* learned 
to bike food kerneh an ttffHnie (0 two or three light ugnals, and 
then transpose, wrlhoui furl her Iruinlng,, 1o One aciusslk' signal 

The spcmrnneou* Lfeveloprtsepi of fl<u»verha| concepts without 
Lrial-arul-errdf learning i* already a hint lhat iimfchifut k'liririiTg is tali, 
mg plaLC, 1 his it also lire ease when ah .miriiLtl masters a detour and 
conbinrs several, independently acquired, experiences {f'ig. M5 )l 
W hen t once prevented my badger front entering rtiv living quaf. 
U-r*. it wk> n gave up ib useless scMtKhtrtg. at the door, and ran around 
the building ,md entered through a window on the other side. Such 
■■.ponlaneous insightful behavior was also shown by ii dog who 
entered a ^anlcfl that had been abided uniil limit by opening the 
door leading to it. after discovering that its rival had! been lied Up 
lb we (W, Gn adenberg 1462), 

H H. Hsiao < t^Sst) built a mare in which a ral OOCild «aeb ihe 
li.*«d hii\ hv three J.i Decent remit: s. 1 wo shorter path* fed to a common 
entrance that could be blnc-kcd hv ft gftte; ihe third p.iih was much 
longer All three paihs were well known to the animals and I hey 
learned to use the shorfesl route. If the common entrance was now 
hUvised, the rats at once toed the third, longer, path without trying 
ihe second, shatter, rnui< 3'hcy behaved as if they possessed a 
spaiijl picture of Ihe maze and knew that with the closing of the 
gale the second route was also blocked. A similar maze was used 
by 1 t." Tollman and (.'. H. Hon/.i k (L910a. sec also »■* I4hk 
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QtfitLi inM^htfvl behavior in the kdw of imdcraiaAduig nh- 
l*onship> IS uften observed in tool cwng Heft W. Jifihlef's (IMIJ 
Mpwimenis with anlhropuid apes showed ihc way. Fits- chimpanzees 
sucks lo pull in bananas that were outside their cages. They 
tjrtuld pul two chon Slicks lo^etlicr to make a lunger one. They could 
pill botes On mp of one another lo reach a banana Suspended from 
the veiling (Fig. 147). Front ihc lieseripiions one can. see ih&i ihc 
behavior sctpienL-os were noi learned by trial and error. A ehim* 
panfee would sit and look around, at the bos. at the place under 
ike banana, and at the banana, unhl the solution had been found. 
In thete examples the behavior Jt^lKtKt is thought lwil j\ ihougb 
the trial is internalized. The ability to plan mentaLly was demon* 
■■]:. 11 lJ by chimpanzees which had even learned lo visuabzc complex 
mazes covered by Pksiglav. The animals discovered ike shortest path 
lo the £.041 solely by looking ai ihc maze and were later able to 
maneuver a piece of iron Lo Ihe goal with a magnel I'B, Rensch and 
J. Until IWS). 
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Planning with Ibrcjigbi was also described by M. P. Crawford 
jl‘W7|. I wo chimpanzees had ui pull in a food boa by topes. The 
animals had li> cooperate, because ihc bout was too heavy for one 
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■aloeie. Al Itr^L on? animal tried nj pull «h.c Isos, alone. When [Jhiii 
failed. iL directed the Other's attention to the rope, gesturing at the 
rope Additional c-v a triples about invicluful hehavror and cool using 
in captive chimpanzees can b< found in N Kohts (1935) and KM. 
Yerkes (l9dS|. 

More rtcenl elwaiiwu from the wjald are now as ailable (I van 
Ljwrdk-GoodaU (IW The chimpanzees she observed m the wild 
puUed termites from their tunnels wiih Shin twigs or era** tltms 
They opened a tumid which the termites uw when wanting, pushed 
the tool into the tunnel, and pulled it oui, with the termite* dinging 
to it (Fig. NS), Thi*. ms repeated over jnd over. They were v«v 
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careful in iJitii choice of tools. In that same area chimpanzees use 
leaves xo soak up water from holes in trees, which they cannot 
otherwise reach with their lips They use the leaves to clean them¬ 
selves. In one of the films made by Mr and Mr*, van Lawiek- 
Goodill, a Chimpaniee suffering from diarrhea picks leaves and 
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cleans iheir Jn captniiy one female L-hinip.iriitL- cleaned Itt j* young 
with i doth jtJT.fr each c I i. min a lion (k. Ikinrolh-Bcrgcr 1965]. Tool 
uMiisi alone as no criterion for mlclligencc,. hwl 4 varied, individually' 
modifiable utilisation of look as found in the chimpanzees. cer¬ 
tainly is. 

Inlercsiing iiWnilioiu about tool using in diinpinuH were 
made by A Kortlandi i a*Je>S, 1967a, hi. Chiiiipauiecs that were 
u^pLuri'd in Ihe >avanna6 mid kept in a Ijjsc enclosure ns Oum^a 
directed well njncd blob's from above toward a sLulfed leopard vtJiik- 
dies- nere .standi iiv upright {Fig I49h Chimpanzees of Ihe Ports'Ll in 
die Congo were much dUmsief in Ihe same situation. They also 
heat jI-huji with sticks, even threw them in the direction c>f the 
predator, hut their aim was had and they never directed a blow 
from above a I Ihe predator, and they never fril the si in Ted leopard, 
kurllundt u of the opinmn ihat ihe use {if sticks as weapons origi¬ 
nated in the open savannah. When the ancestors of the forest chim¬ 
panzees were pushed in to the fewest through compel iiion with man's 
ancestors. their skill m using weapons atrophied. 
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ECOLOGY AND BEHAVIOR 


In previous chaplet me have talked about the fimetiems of various 
behavior piiLKim. bus primarily ihe Luus;d and hisimal aspects 
wore considered, lit thss section I wans So discuss the fatten with 
which an organism has Is? deal in its envijuunseul and how in he- 
haiku must adapt SO the carious com urgencies. Eaaeh organism, first 
of ali, muvi mainiain ils internal milieu constant and defend this 
homeostatic balance again si various disruptive influences. The 
organism muss grow and reproduce itself. Vt' L will discuss s]te de¬ 
pendence of these functions on diverse environmental factors. The 
funsiion o f behavi or ir. pr eserving the specie^ w ill be illustrated with 
vp tic selected esampTcv 1 Much m>H inevitably he nniiiicU I be pm cert 
laiion of ihe various locomotor behavior pasterns alone, such as 
running, swimming, jumping, climbing. and Hying, would go beyond 
she scope of this book. 

For Ihe purpose of clarity w{ mill group the relationships 10 she 
nonspecies cmirMirfnl separately from the relations to species 
members rVe must remember, however, ihat many behavior patterns 
are not really restricted 1o one or Ihe of her grouping, Many serve 
in several functional cycles, such as the behavior patterns of loco- 
rtwtkift, An animal may run so caich up villi a rival or to escape 
from * predator (see p. 173). 
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ECGlOev AVt) BLhAVIOR 


Relationships to the environment 
other than the species 


Ad a pin Mors to non biological factors 

That adl animal tptttB his its own prefe rred tem perature was 

JenHinsCruled by K. hericf ■ I 'Jj. L'JfL 145}) m n’Jrtieruni- icuesti. 

Rations. Animals in a temperaLure-choiec apparatus were allowed to 
choose a room with a specific tempera Hare: They gathered >n a ■'(Him 
whose temperature matched the temperature Optimum of the specks. 
]n ihe same way they selected, a certain humidity, they avoided 
dryness or sought it. and they sought e xposu re to the sun or avoided 
it. Tn short, a number of beha vior nu^hunUTra dial en able an imals 
to select the ir ap pro£riatc_bio1ope tclilTs. loess walls, meadows, 
brush, acid Id on) are in born . The New World mouse /iMvmftw 
(ntmtcufaiw bairdi selects grassland; Pemmystut mank-ulasm p rwj'A.f, 
on the other hand. Selects wocdland- froth subspecies cocur in adja¬ 
cent areas, but they are sei urictly separated with respect to I heir 
biotopes i h-.il they do not hybridize. although tn captivity they do 
so readily, T- v. Harris £]9JQ) raised mice of both iubtpWHfi in 
captivity and allowed them to choose between terraria that were 
planted differently In one he planled small trees: in Lhc other he 
imitated grassland whh thin paper Strips, f™n)rtw maakutaius 
boitdi innaiet) preferred this ‘ grassland' 1 white P- m. grOeilk selected 
ihe woodland habitat. In a room half of which contained pine 
branches and the ol her half oak branches, sparrows (Spizetfa pmsekm) 
selected the ride with pme branches, although on both sides there 
were an equal number of perches- The choice matched the natural 
preference of their biotope H klopfer L1M3; l J . fl. Klopfer and 
J. P, llailman IMS). 

Lnsironmcnlal adaptations ,^ |yi mc-hntc those behav ior pitlc rns 
* nh~ ruc]s .Li: .1 ::::i’.i! .i * I: filer .ig-inM had w cache: 

1 tries and nests that protect it against heat a iw'cl ] as cold, li is 
known That many THTcFT mice can Only Mini': the midday heal by 
re-Keating to tbe>r tlen-i Hi Bourliere 1^55). The earth mounds 
around the dens of prairie dogs privicci them against flooding. 
beavers dig dens inlo Lhe riverbanks. but if the hank is so low chat 
no cave tan be dug,. Ihen the beaver will pul its den into a large 
mound of iwigs, The animal will gather branches up to d melers 
long, heap them on cup of One another, plug Ihe holes with mud. 
earth, and weeds, and finally will make a den inside, The ciiir.in.ee 
lo the den is Underwater, The beaver ensures itself adequate pro- 
fed ion and a reliable means of transporting bis food by damming 
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up running streams iJ.tm-htiilUing activity is ml pit*: activated by 
a drop in * he- water level (ti K in ix 1950 1. When building a dam 
the beaver cleverly utilizes natural elevations as supports. He piles 
i vi ip and branches on lop of each other with the tliick end facing 
upstream. The Side brunches catch on each blher and mud collects 
at live siceper and upstream side of the dam. The dun may be 
anchored with trees that have been felled across the stream and by 
poles that have beer* pushed vertically into the bottom (P. R. 
Richard I955 h sec also Fig- ISO), The dams arc rarely higher 
than I,SO nicicrs. They- can be several hundred meters long and are 
then the work of many generations of beavers. In this way the 
heaver goes a considerable way to creating his own appropriate 
environment. 



figure lit) is £ks.t< d*n vs bvst al t <-st> wi* in* •'snare* . -■j toe-w iIm 
su^k*. On* difi daois an in* -v mwr. it-J ■ (tf) V*r<oai Ivpa* of dan» iv'h im 
tasoa live issues used « support* and *nh |r« bun** rimmed -nr* (he fcwhiSm tb» 
s¥#»t, ia*i** p e Hi<j*s#(p 


Termites provide yel another example. Some regulate Lhc hu¬ 
midity and tempcpauiie within their mound so that il remains 
around the optimum of 30* centigrade and 9S to 99 percent hu¬ 
midity. To accomplish rhis, water bearers CAffY w^Mf from tunnel* 
Lhar lead down to the groundwater level. The termites protect 
Lhemcch'cs cgaiitsi es-treme temperature change* by build mg hard. 
Lhiek walls lhai shield (hem against Lhe environment. 1 he high 
mound*. which have ndges, are made from a clay-saliva mixture. 
The ridges are used for venlilation. Air duct* lead up and down 
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ECJ.CijV ir,D SENAVlQB 


ihiihin [Ji.iii IJte used-up air rbo from eJic certLcr of ihe neci to j 
eeniral roof chamber and from there via Ihe air duels returns to the 
houfmi. Carbon dioxide is given olT through Ihe pores of ihe outer 
wall and oxygen is taken up. The frevh air collect* iu a chamber 
below the Mil and from there risci upward. THc termites regulate 
ihe ventilation by widening or narrowing Ihe air duels in aeesvrdanee 
v.iih rhe need lor oxygen and lor wirmth or coo line temperature 
iKig 351} 
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b pcdal behavio r patterns Jdr fur and feaLher care Mai ntain lhe ir 
h,il.i!i!-; 1 1 - li w.lect -rcpcHidU HUillKlC' 'Vatcrhirds whose : e .1 1 hi .r 
l' i.iU-tl I-l'I he 1 i|meh2v per isti lieh-om: patterns I nr luidi lv (a re 
arr£ therefore adapt ations 10 climatic factors (H. Dai he 19&4, M 
Burger 1 WsimSperof penguins (Apttmrfj/rei fonterij court and 
intubate during the continuous night of Ihe antarctic winter. Storms 
rage with average velocities of JiU) km per hour and reach ns high 
as NO km per hour, coupled with temperature* of minus w)*C. 

I:ie penguins suisise hv huddling together hi V liiniiations which 
effectively break the wind. In Otis way they maintain their ttody 
lemperalunr at about 35.7 6 C, whereas in individuate separated from 
ihe group (he urmpcralure dropped 10 27,^'C Ij, PrfVttl fc 4 fhl3. 

Here estr eme cm-.. conditions ate met by ^lijpt.n. ..:i-- ..1 

social behavior (additional examples on p. 33d J. 

Reptile* assume special sutv^bmhiing postures so that they warm 
up faster. Grasshoppers {Chorthippus itemu\is). which in central 
F.urope court in the faJl r expose their lateral side to the sun and 
drop their thigh, thus exposing, Ihe daciopigmented abdominal ,1 rc.i 
to Ihe sun rays, 

Manv arttmuls of the LnlCIiittal region seek out areas chi . 1 1 ore 
suitable for sursiung draskaikm at low tide. The limpet (Ifefnffa) 
and (he false limpet | Srpiwmaria) have independently evolved an 
uunchuient to a home base. Berth return to the same resting, place 
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.tiler each foraging ficvniun. The ousting of Ihcir shell* liL eaactty 
into a seal [Fie.. IS2). There .arc- jLht beliii 1 .ior pjiil-his which arc 
iv nieal for survival In a particular ceoloflkai ceidi -e. ^ 'Itcimtr an 
animal vonstsu-iuk seeks ovt » sfHfvifie^hjt-il-al, itjrtumbcr of chaimes 
in bodyllfpcikie andltclia u^i evolve. W'c in^niiou here ■ ■ n I the 
p;i r_i lie I adaptations of lL-h .in rapidly flowing waters. of boiiom- 
d welling fish, and of birds I h-.il breed on cliffs |W. Wfcfcler 1958. 
1959, 1965c: li. Culkn 195"?; additional caampift in Wickkr 196 la ). 

Fish that live in ihe high &?a.\ where !hey niirnuilk never ir.e<3 
Tvitii an. obsiacle, hump ,igu:n-a Iliir wjLI-, of ihe aquarium uirhouE 
ever learning hoc to, just as sente birds of ihe plains bump nun 
cage walls tk, Lorenz 1959k Animals dial; Live in structured biotope* 
such as wood* or coral reefs behave much more intelligently hy 
comparison 


FiBviia l}i PUci lova-'n rtf 
Siw^ *4 *•■ 
Ktly *n 4 o iNi seals, Wtit*i we>* 
njtlfl into lh* sh*is flf lie sric^S. 
Lel|: W *wrs|i hi <u. rpjj ng ptfc*; 

nftht; iho GftijJiy 1441 Cil V<flhr 
irtK i*«wvrS4 BS« |hi(S* ES*. 
MMI and Else aEspr*M!ft'i ef rn, 
loci. ■:f , hccD(ji'!cih L L-Si-E.bei- 
Mt.) 



The Norway ral and the house ra! {Umiwr rmrvc^k-m and It 
iwriu), both followers of man. Conte front diSfenenl biotopes. which 
is clearly reflected sn their behavior. Ihe house ral. which originated 
from tree-dwelling forms, and which in wnnthem Lourmics IoJjv s-I ill 
nesli in trees, prefers lo settle in the upper floors, of buildings, herUrc 
ihe name roof ral. Fl climbs well, and when panicked Irks to ehmh 
upward even if there iv no biding place Ihe re, This animal is pri¬ 
marily a vegetarian. The Norway rat. which in the wild lives near 
water and on river banks, prefers jo live La Lhe lower floors of 
human dwellings—Ihe cellar rut. It alsn lives in sewage tpletnt, 
where tl lishec for food objects in lhe water with special Mfainiig 
behavior pattern-.. On occasion the animal leads a predatory way of 
Life fl. Eibl-Fihesfeldi 1953d). 

Finally, some nreth iotic adart alioru 10 ir.-nnu-:n,iI conditions 
:>w i-oijverni-d 'atih periodic environmenta l tLn|tttTof the twka. 
diurnal FhMhrns. moon phases, anti amiiui cycles. Ilu-w ■■■ill he 
dT^iK^tTin Chapter 17 fjs. 389 k. We will aks several quco 

lions i hat deal with (he orientation of a id Put Is ip. 363). 
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PfOCLurement ol food 

Just as numerous as (lie adaptations to (he nonliving environments 
arc the adaptations 10 the procure rtWOl of food. which we will i1lu$- 
inite by a few ecampltv In gene ral, ihc specialists predominate. 
E he struggle for enislcncc of various species often leads to surprisingIv 
ipeciho adaptations. The small leather jacket, Ihc- lilefish, (OvcyrNorju- 
La/tihm longbusirisl, ipeciutiees in picking off individual caraL polyps. 
.Many coral fish developed long snoot* which enable them to pick 
off small animal* that hide between crevices in the coral il 3 ig. UJ) 

I ho uni only have ihe appropriate morphological adaptations, hut 
an their food-gelLing behavior show a strong preference for seeking 
food in crevices and clefts, even when kepi in an aquarium where- 
such crevices do nol contain food. Substrate feeders are often so 
rigidly speciiilnied for foraging on rocks that it is very difficult to get 
them w accept food rhai lies loose on the bottom This i* trve for 
the Moorish idol iZandm cotnuua), which l.orenz was successful in 
keeping after many unsuccessful attempts to feed it Finally, he placed 
chopped dnm meat on stones, lei il dry enough so il would sikk, 
and placed ihe mone* into the water, The rish *t once took 10 this 
food and began to forage. 


Fijwc 1S3. P'paMn 
nei. i*«-r lood out 
si I** b'avchea- d 
cc*sfc Top: Ti»b !f^o 
bvri«^v r«h F& rp- 
Sof^nnmt jAd 
Cb*tfr>on wiruw 
asirn ->i* ivHn 
Gorythinu* 



The sober-tooLhed hlenntes Runnla and .rsprJonrno tear chunk:, 
of llesh from Lhe lins of other fish tp. lSlf The liuremotilh lish 
(rl nhsiotmis iiNKuiattis) approach their prey by hovering above 
peaceful species such as parrot (Ish. When the latter feed, small lish 
approach Iii search of food particles th.il are broken olT by them. 
Ac the opportune moment (he llti leinoutli will glide from its position 
above the parrot fish and eaCcIi die snollfl ones (II Hass I9M: 
I. LLbl-Eiibesfeldl 1955 see also Fig, IS4). The archer llsh {/mrnftrt 
focttffUrij) ejects a stream of water at insects that rest On leaves 
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atwve (he wjUr surface. Standing just below the wifltt the lish 
■iim^_ and toward the end of the short it jerks tip its head, Scattering 
the stream ot water, which increase! (he probability of hiding tlhe 
prey (H. Luting I93fl: see also Fig. ]Si). The various methods used 
by spiders to catch their prey are as diverse as they are surprising 
[A Kaeslner l%3); (he lasso spjdcr Masiophtwa ihrnw-s a thread 
with a sticky (billI al Its end at passing insects. Other lasso spiders, 
such as Cladamrfea and Siu-rmnchiii, sit on a horieortal thread from 
which they suspend another thread with a sticky bah ur (he end, 
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1 Sus- pciudului* is mali^ l'k.iuI with the Uirws i<t -.Hie itj, lumas timt 
fiuHif' ifit', tint it'jsi to it uto n't caiifti: fi£ 154, The 

•. .'(i pie# neu tii the :sp 4.!-» r*el dpi sptden I if ]}". whist awe 
studied m deUd by H M F'Wm I IV3V. \K3t end G Meyer i )V52 l 
*Te »•■• ■ HWti Tie spider hettim by Mr-stofitrig he ft ,-k. nse 

'" ctl to biki'Ilct r tus- is aujuttipLs.tind t». pf .■icttilij' tiiE UstiCiy nidTcf 
into the dir rihd elocuii£ n k®g thjewE that » on^h: by tor miid 
if fl d.*? ntf js-.h’i nwmtfcei*. "4* spider poll: ti a, a^iui Kind !fie» 
u&nn If ti should sudL fur exifiipk -t uxntton hrintti n will ju*y 
be listened *1 tin? ether end l n?i the spider mtim out imto tout 
bridge -I-Ur.ijt the ittsenC :t. hulf. hut O.ildifii r .Or t*K> ends wjtt the 
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legs thai the Shod* i- she link ho id me the two piece* iomIhi 
iFi| l?3a) The spider moves: along eoileciine ihe rhTcaJ ahead 
while adding jJJ:iuMajL subslance to lhe ihread behind. Once it has 
iirivcd iit [he center of the thread n glue* Ihe two ends together 
and lowers Usetf to the erounJ. wiierc the er-d r> futfueJ thus the 
ri-’i three radii of Lhe net have been formed Then Ihe spider spins 
no* spokes beginning an [he center of lhe net and males the pci - 
mars frame. In this was a ^poke-type isti i> made 10 which is added 
a widely spaced auviliar* spiral from the eenter to the periphery, 
wlikh connects lhe rjidu al large interval*. This jumIijfv -spiral 
provide* a bold for lhe -pider when it spins the closer-spaced 
catch spiral, which is spun from ihe periphery ioaard the c-cnier and 
which contains siiskv drops During ihi> work p recess the jiavatiars 
spiral is auin uken dtw n (Fig. ]>hJt. 

Hupiefs thal vapLure ^uiefc-movircg pres iTc-sjucntlc stalk it. Ms 
lame iguanas ( TmprJuru.t) vialled flies which ihes rook from ms 
hand, and dies flc*Cf learned that stalk me was not neccsmm. When 


they saw the fly in my hand the* yjui.klv approached lowjfh 3U cm: 
then they stalled ckwer. bods pressed isi ihe ground, until ihev had 
some very eTose, after which they mask n lina tichtning^uick dash 
to grasp ihe pres We have ahead* Ji'tusked she Eeyhnisjue or eap- 
iuring; dangerous prey by polecats ip. Z14). Other predatory num- 
mnls behave in a similar way <>ee P. Lev hausen 11456]). 

The CalifwviM s« Oder tfi'irfnvfiiJi opens Wivj/ui claim* by k*l- 
mg ihem again si a -stone which is balanced cm ihe stnciiaslL while 
ihe animal is floating on its back [k K I Hall and 0 If cshalkr 
Idf-H The Ecvplian vullyfv I Wiydirmi iijViis ostrich 

eggs with SKMifs that aie eollevied deaths ihe bird positions itself 
ite.vi to the egg, rak*e' it' head as high ;u posable, and fling* a 
stone down, on the egg. Some stunts weigh as much a> 3i» grains 
This Is repeated until the egg is cracked iJ. van Lawicli-GoiXljill 
and H. van La*ids 14661. The North American nuthatch uVVrh* 
pfoiHd\ uses bits of scotch pine as a levee ls> kv*cn piece*- of bark 
’hat bide inserts i t) \v Morse l^fiS). 


From th ese desc riptions it should be clear ih.tt amnials whi ch 
hasp dnfs-rc ni kinds of kvd ii.eeJs hasc~Jewel.■rei.T i! e most ajt cd 
aOjiptaiTs it-. fhe behavioral aJaptiiiton f are I'une sar^ cJT haii r’u-oc 
needed by frail- and plaiH itUnjj animals, p jrlially kaiiH pfey J|> i- 
i«j.I* WriK's^lirii-iis f. •£ ni' of defense. Th i» ■ ■ 

obscrvallon th.il craving and bhiwsmg rinmials jre someth,i t lev tqiel- 


ligcnTThan preJatiifs, which shot, mcfc varied jppcULoc be hav ior, 
le.irn more, and pirkwrii spaiialls ijvsjjfhiful behavior yp ih?i 

TTi eTT- varied spc vialiri -ii Ksii^ uii tii c res ult ini' comtsehUon Ihe 
adaptive Fad i a iron of Kinv fishes shows [his a. clearl- .i-. ih u of the 
1 ):lcvs m lynches, which, icnginjiinLg frsim i'ne basic iWm. eveniwalh 
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filled 1 he nsL*t varied eeologkul niche* Their diffcrenlial way of 
fefeiirig L expressed in the chap* of (heir bilk (lag, ]55> as well as 
in cheir behavior. The cactus- ground finch {CtKiospira i£md?m) has 
a pointed hill which it poke* into ihe (Io*vb and seeds- of cadi. 




f-Hw'« 'W Irvae Ol«’-v is tmcftai ai e.jmpiH oi adapt** 
rfijitl.in HrsS*rtr!^]*W<i. ISplJpiBO*), fioX-CS 1|S* 4 |.Hb<«i1 
shic-cj of sbq ts*. Tt>c Wt: Sm#* rjrrR,r.H Irficti [firtSpr-f 
; jp ■■■ahr: n-*j.^-n ground Vitii i&ojyv.i te*r>ii. 
fcffiieini. c«tM3 pound Inch iCac-lcwe* Je#r>dl«j)L T*» i,-j< 
ihw a<* p'-n.v'b ie«f um wlwn wt siawd-Xi**! 

« !wd 91 SU'-Wfl MCtiS- las# CKills fr'Cl* <fl«h XI 5>sj'fl smi 
-jn (leu hvilt PiVJ -s»tb into Om fu>tv C*t1c Tit* rpecsH 
M i«M Erf *■** ,n ih* wt-n* iWtoW- (l*hfls^»hn I, sen 
l-owItHi I 


The small insecliwuous tree nneti (CuiNwAi-'itfAiii puu*i-‘u/jd| searches 
for insects, and (he woodpecker finch iCi/aoipizu fwiSuttn. forking a 
long. Micky ttrngue, us.es a long pointed iwig or enctUs spine for 
proving inseeis out of holes (Fig. 160). In Hawaii, where a similar 
adaptive radiaiion took place, the Alt iapola.au ( Itettrorkynehui) 
fills Ihe ecologieal niche of a small woodpecker. This bird eels al 
iusccl-s in a Hilt different way, It chips at wood wills Ihe straight 
bower pan of the lull and retrieves. the prey with Us curved upper 
hill- In a bird on buv. Zealand,, HtierahKha nitK/fosms. (he male 
has a shori, sicaighi toll for chipping. ihe female -i longer. curved 
probe like bilk Here boLh sexes col I a bo rare when in search for food 
(D- Lack. 1M3; See aki Fig. 161). Many animals lav in stores , wc 
gave- the example of ihe Hpiiffe!. The variouT feeding patter ns of 
inseeis are fascinaiing. Ihe fungi-urowing ams {Atm\ make fertilizer 
from leave* that (bey have carried in. They cultivate fungi and live 
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Fiflon i& i ®r tw^» ch* »vci i** *«kh wot" « >«od Th* wt 

H^itr | II frOMt ™rtfi S* kn>J IiX<E|uC. HKMrfljrtfM [!) cHfl* wOOtf »1h 8h* kMOr 

S-i rXi p-ftbui Hwrt rn# jpp*- b+fi. Th* «*Mlp*ek* l>''c« Ji iCttMi&SM :■«* a cactus 
lfrft* <nf t Met at twrad as a I&5* See piofeng In |4il eH#i**srt»hj] i(w mate <3o** 
ih* ce ppi.^ and ih-t ('•mar* (Wrt in# peQbrvj ^a*j| i.f«^>-i p. lac k ( 0^ 7] I 
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utT cliuar bulbous. suTlIii^ One could 1111 an. imprewivc volume with 
only the d cm. opiums of ways, of feeding in hyjnmopteni (II Hiischori 
|V^7(. Special Bctapljlions vsiib re-spccl lo body strudu rc and be ¬ 
havior are (bund in those animals which live as parasites of other 
animals, Wf will discuss this wpamidv Ip. 302). 


Defense against predators, 
and interspecific competition 


I . . ' nippiiMcm vnih the purs-ucf. i he pursued ucuaiiitm^ lo^evciivc 

new LidiipruiiDfks. Ill bikiy sljuetuj l- j:id behavior ihui syrsy Lli^tr 
defense and escape. The coninso iiesr re^ p oiist:. of c ourse- l= to flee 
from i be predaiof, T here i> esunn wnIj a v pecics-specifie 11ig|i l dis- 
i,irite which sutTEc vatied through mdiudual experience i If Ucdiacr 
1^34), In general small animals base a shorter fUj;hl .dis t ance than 
Ijiger one:- Die kv- prolj^lion n sgecLa Jus through jHJiiij; m cairn. 
I be Irwincr is the llight distance. A protectively colored grouper 
wKcS“is h;iij tu may be uppxiMchcd very closely. The same is 
■rue of a Jure which hugs a depression in the ground, Conspicuously 
colored fish, on Che oilier hand, will lice into a hiding place sooner 
when ihey are approached (Male Vll t but the peisotftMW dragtOflfWt 
and other WflluntihircJ specks permit a person lo approach quite 
closely. In these fishes c^jjjtpkuoUi, coloruiion serves as a warning . 
Fish ihai are Lhtts proieeied flee less readily and are more easily kept 
in captivity hecou.se of their lameness. The three-spined stickleback 
tGosttr&itrusl is better protected by its long spines lhan the ten-spired 
stickleback (Fi^ufrur) and is corresponding less shy (K. Hsxtgland. 
LX Mortis, and N. I inhergen h?S7). 

I he ii ri\ii on a nd Ihe goal of HighL are freque ntly Used as a 
pliylojje miiie adaptahcj; in the i-anic way as respimMVL-q yj. ld duht- 
rulejsir'ig sljjVl lih . A ■qujtrcL flees lO the tops n: Ii.-l:„ :i niuu-e into 
its hole, a beaver dives, and a pheasant dies up, In Lwo closely 
related geckos on New Britain It Hediger (IWl observed ihal one 
species always fled up the tree Hunks while die other fled downward 
and hid m a erevice. 


In » coral reel' many lisb have speeifly liidang places. Above the 
large reefs in the Indian Ocean large swarms of blue Lriggcrlish 
\Oiltmat /rr^iTi swim about. When approached each Ikes into a par¬ 
ticular hole in the reef. Many damselfishes, such as members of the 

<r 

gents Chrmiis hover above clumps of coral and llee between the 
stalks v hen alarmed, A diver can break oil'such a clump and bring 
the entire swarm to the surface, so strong is their attachment. Many 
fish have evolved special w ed a mu dciiies which ^pqplg 
re main lived! b I heir holes, such as ihe swivel fish i c; '^.nji .t.i.m i’.i.- . i. 
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which lodge themselves m place wilh their spine-armored opertulac 
(Fig- IhJ). Pish i lfc.it li^f above open -sand hate special escape 
,nlaplacion>.; they tan wirtmlra w quickly ijiLg burrows they hos L - made 
lht bury them selves il. E ih3 h 1 Ml■-S^.' td 1 |Sft4e: W, Kljtivcv, 11/ anti I. 
Eibl-Eiljesfddn^W) (Hg I63 |l 

Thu liiMid fislHHi I^nvArili, which rest on the mm). scoop sand 
from N^Mih them selves -with ihen' pectoral and pelvic tins when 
J-jaiea approaches so that wiLhin seconds they disappear into the 
sand with only their eyes left showing, Garden eels \Utimcottgutkit) 
remain in tubes in Ihe sand which are held up by a glue like sub- 
sMrtW wtKlflt from their bodies CI*ijE> lb* imd 165 ). They Curt 
withdraw inlo lhe sand within seconds if one tries Co pull them out, 
Pish that live in lhe open w;nei where there is no cover frequently 
jump above the c 1 . 1 i.e 2 -.nri-ioe And so from the pmsuer's view. Marty 
of these lish. siteh as the Mttgiiiiiat, dive baric into the stater head 
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first, iplher speed. and again jump into [he .m A ruiOlbej of Other 
iisvh return to Ok water (ad lirsl I hen lIky move the cad tin. whose 
lower part in eaccfuJcd, so rapidly that they are able lo propel them- 
relvc* 4 i long above the surface with the body poiniinjj upward owl 
of [lie at an an^le. As a result. Lhe fish ski ms alone the surface. 
Such vurfAce shimmers were the evoluiLottary poin i of departure for 
An living fish, as van elearlv be shown by (lie increasingly differen¬ 
tiated forms with in lhe Srneirlhognatfii (K. Lorenz IWOb; see also 
Fig I66>- On one eklftme is the garfish (Sefanr Art/tnr): ai (he 
oilier are various genera of filing fishes I Fig. 167}, which can glide 
[hrough ihv air with [heir pectoral fins that are considerably broad’ 
ened into Ihv shape of wings. They increase their speed on the water 
surface with their Mil immersed in (he walcr until they have attained 
enough speed 10 tht up iolo the air. They are able lo sad along for 
many meters. 1 heir head is higher Ilian (heir tail and everiiunlh 
dips back into [he waier as [he Ijslt sinus down. The iish (liea van 
propel itself into the nit again after having attained sufficient speed. 

The South American hatchet lisb {Camgfr^ verm}. a freshwater 
fish, is >aid to be capable of an actual whirring, alight, firedcr ami 
Eigenmann at the American Museum of Saturn! History observed 
that these fish raised themselves into (he air when they were driven 
toward shore with a net felted by K Lorenz; |19£3b]i see Ftc, 165>, 

Animals I hen ant pursued ofte n >rj lirygaUt b>du¥ii j;t-pa[i:y-rj>s_ 

“•hu h iti'iCbi- U ,l.(tu-.~llrrri.r n [y^. ti.Nir i h-O l~ 1 -—-- ar]( ] 

thus us main tain omtjyt w ith them: Rabbits imke slurp turns; some 
nighl motlic Hy eiy/ag uiursej Or pCffffTm Unpredictable looping*: 




Fiifui. i GB, pinewwxeefi tA ntannt fc**r w*ieh astum &ong ihe utioct. too hi 
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Figv<« 1S(. frsii'Mlt' Sitv corutta & iel'-i ««8 Mm$ U*i; tfrwgrt** hki 
:hn KctoNcI cH SmiE* Ashpit*; f^V K> onjri-ftpdiWA tpm. Bipa«rti*us ftnjrtrt 

ihjl PTii^liE f»]4lk (* tte»4 41 *1^; wwi -4*d inm Cvn&pe*t (from it. t.:»*nj 
1 I 56 &J: M KtOm. **r«i.i,l 


phejisnu scalier tulo -sit direetirSrts ;ifld then hide. fish in* n -.LhimS 
eeaei as{i group. Sometimes there -arc d*<*piive maneuvers A limn'd 
chat is Ljuij.hi hv a predator often dta'ps part of its Uiih winch eon.- 
iinu« to wrilhe on (h? ground, riiu> altracliPg uttertiiLin while the 
ImhIhI hides T?v<st various deceptive behaviors have also been called 
-•protean behavior 1 " IM- R Ch-attoe ond W. M. 5. Rus*eil 
jfter Proteus of Creel; mythology. who escaped his pursuers by 
assum ipi,k. different f«HU. 

Fliihi or aapt rMj|aau^i£_all£S_gda^£d^i(>jLjpegiflc al e- 

“orv of ore-Jatois. iVe have" already ruersiiuied slia l w.-ft9 l A tiifflfopinL 
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ECOLOGY AND HflMVlOS 


in the odor of teri■?in sl-.i stars wills escape reactions <p 69>. 
(Domestic chickens show one vci of Mttviw reactions w aerial 
predators and another 1o ground predalon, each weth its own spe- 
cilie darning calls. They Nike fflrtf from birds- of prey and fly up 
into irees ixlore ground predarors such its pohwais and ous. In 
brain-Mi in illation experiments ihcse behavior vysiems can be activated 
separately from different stimulus pomMC- v, Holst and U. w, Saint- 
Paul I960). Il‘ out" category of predator* is no longer present, lwi* 
set of appropriate reactions against predators may drop out- On the 
Galapagos Islands, where predatory mammals are tacking, ihc 
haul [Buieo gaiafxifoensisi allows itself to be touched by humans 
(Fie 169], Similarly lame arc the marine iguanas Mnr^rAim^h 
cm!itSw\ und the Galipagos penguins (^^inrirnH nifwrfrcflftiiJl when 
[Ilcv are on land. In the waief, where they arc threatened by shark*, 
they il« even from a swimming mar (I. Ltbl-Eibesfeldt 19Mb. 
1964b). The Kiliiwake euI 3 (Naw irittar/jffa) dux* nol lice from 
humans when il is on the cliffs where it breeds, bul it will flee when 
meeting man on land while gathering nesting material (II Cullen 195"?). 


fiBhli* 1H6S Ei-jmpll 
at "rtiM’ld Mii-IO-Wi 
{DaiKwi IsLhX, 

C j-’jpajci,'. Tim 
dUAsagos ■-■j.si N'o-vj 
nj*n |i? t» touchotf 
I* iw*fi. n^iii^rAor,. 

I. FMWM.} 



Special adaplalion* !o escape behavior is shown by ihc small 
crab Pvt Ufa, After offing sand pellets for f«HJ. it depots them in 
,i %peeilie pallet n, so that ring-shaped mounds are formed around 
the entrance m its hole. In addiium. several tadi.il ’llreets" are kept 
c'rce of these pellets. In this way ihc crab maintains free escape 
routes on which il s"ao reach its hide either directly or via ,-i detour 
(IL Hass and I, Eihl-EibesfcldL LQ64: see albo Fig 170). 

Escape behavior is certainly activated by external sr imuli in.mosl 
i nstancy *- 6U1 K. Horen/ nas lniWB~iVtai ints behavior m ay 

.iK.,7K' I-..-.l .I nuMivation. Ducks "escape slSnWpWy 






RtLATIOh,S 1-lFS TO rn{ t NYlAflNMf N I 


IBS 



\ 


3 


3 


f •JV* 17 Q Sww lh*l *c- .dt 4 Ki>!'-H iii r-rijc,J >al-. «-Qur>jl r».i %:*- .jn,-* unot 

by t^n potit? craa ifiW-Jtf Mar* 1 #) 11 t-irnq from blc a> *4 the eartsmj** to 

*«a. On in* pp/il the Herfng crab. m, Njss tint 1 r.ijirtfortfdirti [I 9H 4 .] 1 


In vacuo, and animals cIi.il have ncH been frightened for some time 
are inclined H> flee in respimuc to s-limuN that ^wld normalh Nr 
inefteedee as lime goes on, they sfyow ,1 definite threshold redticilon 
for escape reactions. 

If an animal is prevented f n in e-supine hy driving. ii inio a 
cu /ncr. 11 m;iv aiucimn^c iic a s>.nl..ri;i has re.iLlitJ .1 i.riin.jl di-tame 
(Hf Hcdiger |94£]. A ctnni trainer msiil it all limes be ffigr i/a nl 
Lif this reaction. An animal will also attack if it is suddenly 
and the critical distance has been inadvertantly violated. Frequently 
flight and deFensc are combined m behavior, fiw example, Vih.cn an 
octopus ejects an mky substance when beginning its, escape. The 
same oecufL in an alarmed bombardier beetle Iffmcfi/nus}. which 
secretes a volatile substance from its anal, elands that quietly diffuses 
into the air. 

Mans animals vcck pwicaicni neat others |lutI are better aricied. 
We - sHairdiscoss‘ Lhts in L'hapter 15. Animals that do not possess 
their own mechanical protection Frequently obtain it by building 
OMUftiners which they carry with then*. The uubelike structures made 
byeaddisHv larvae are well known and their Construction, and repair 
has been described hy t. dv'e,enbcrg-Lijnd (I^Oj, I he caterpillars 
of ihe f'sjeArdNr huilt a similar structure, an example t>F behavioral 
convergence. Empty ■mail shells are used by hermit crabs after 
careful inspection. The oclOpvs (Ooropwi aegltiiii s’nlers empty L-lam 
shells whose two halves it can open and close as needed (Fie. 1713. 
The caterpillar of ’he wasp LygaettHrmufu* cofivprMn.'oriiii surround■■ 
us reeding place on an aspen leaf with a fence of loamy palisades, 
and somei imes it presents mocs-s to a leaf by urcs-Ling such an oh> 
st ruction at the stem. This foam is Micky and contains salicylic at id. 

Many aninplf protect then wlvc- [brunch cacuiaiLUifc- Stunt are 
already adapted by their appearance lt> u tpedftc background. 
However, they mud a bo possess the appropriate behavior for select. 
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ins I he torrccl background and to tn-.i m u i n specific post u res if this: 
protection » to h elfcetivv In this way. eaterpillaty which are 
Wlsmcrahadcd ndt 0*1 ly Mlcct (h*J environment that fits this solora- 
lion, but they also assume ilte postures that make them least con¬ 
spicuous rW. M. Hcrreboul and others 1963-, H. I!. Coll 1957}. E, 
Curio (1 found one species of moth that had three different 
form* of caterpillars, Each form had different sokir and showed 
the appropriate behavior in selecting the most laiiin^ resting place 
tFig. 172). Some iooper moth caterpillars effectively mimic dead 
lmgs Many :snim.iK camouflage themselves by covering their bodies 
wiiii foreign objects; thus sponge crabs {OrOrtMU) use their modified 
third and fourth pair of legs to hold clams and sponges on their 
backs. In majids Lhe carapace contains special bristles lor attaching, 
foreign objects. Alt these examples show that camouflage is the 
result rtf a coin pl ica led nnicraetiun between slrwlvn? and behavior. 

Widespread methods of defense against predators are ihoae of 
warning and deception O. M, ftentcT {1913). 'lhe forktail cater- 
pillar {Dicranura vintita) will stop eating when it is disturbed and 
remain in a strclchnl-qul position with the head slightly drawn in. 
to this position the green, caterpillar is welt camoullaged. If one 
touches the animal of moves the leaf on which it sits. Lhe caterpillar 
raises its fronl end and turns a very compkcious “fate mask"' toward 
the attacker. The brown Jicad. framed by red and yellow edges, 
carries two dark pigment spois. which seem to be imitations of eye*. 
At the same time the animal ejects two red glandular filaments out 
or the last pair of modified abdominal legs, which twirl for several 
seconds before they are withdrawn (I. fcibl-Libesfeldt 1966b: see also 
Plate |V|, From a well-developed gland in the prothoras the cater¬ 
pillar cun eject a hud.smelling secretion. 

T. FJsort and J. Mcinu.ild i. hJfifij re [Suited on the clieimc.iJ Ji> 
lenscc of insects. Sometimes these defenses ure neutral i?ed by the 
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special attack behavior -of iho predators, In lhi& way ihe anoiiie 
Ofi/Chcmrs lomdui deals with the beetles Eiiubfa t aitd Chiacmui, 
which secrete a defensive substance from iJse posterior lip of their 
abdomen, by grasping the beetles and ramming them into I he pund. 
abdomen first. 

Often btid-miing insects are very cnHrwfiieuously marled. A good 
example is provided hy- the wasps. Once a songbird ha's been sluing 
by a wasp it will remember Ibis fen months and avoid all conspicu¬ 
ously ringed objects from ihen On, This pruiection is also extended 
to a number of insects that a« marked like wasps. Many bad- 
tatting butter Hies are mimie'kcd by tlnwe tli.ii are edible (Plate IV) 
They deceive lheir pursued. Some unusual examples of mimicp, 
have been collected by L, Curio (1964c]. and we mentioned -iddi. 
tlonal examples on page H9 (see also O. J Sexinn [I960]J. Many 
am mal* Are on the look inn for such u ri Ml our native luma' 
niiiir 1.1 pc il-.oii_ head' iMm nnt tu liiug and U.sA a.mur-d l-ilmg 
umples frun va rious U taU of ait by ■> nilling while r.iiun^ and 
;ij licit head p"i;iking wind"). In jdditkip^hoiMiite^fup^cittier 
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activities wch aii ea ting, «r digging with crrat r^ubmv A dicing 
fiiimiEfr repta(fd1y~I(S 1| Jtt _ ujp and around. While analyzing lil itiu < ir 
people iv ho A tfe eating hut were uitiLWiirc of I he observer,, H. H ass 
1 14G8) discovered that 111 cy stopped at regular intervals .wd socunnglj 
lUKHnaiiflllt) looked up and around. Additional observations along 
these lines have cunvineed us that ibis hooking up is a kind of 
reconnoitering, 

i • Mjispitm iii^ jfljpuoi.m d'Or uro tcetton from predators is 



t he i'.Hi.H.'iine of fish. Fi rst, it is easier for animaLs living in a swarm 
to detect danger: more eyes can see more. This, however, is by no 
means iIk rousl important factor tnwn| the aggregation It can be 
shown that a single fish is much safer in die swarm, even when mu 
warned. than if it il tint. Where** h single fi*h CTU 1 he easily 
|'i*attii hy a predaror and then caught, it is much more dithcult fur 
the predator to focus and pursue one tucgei out ol nuny in a swarm 
The aim of the predatory lish is confused and, of course, precise 
among ts a prerequisite for successful hunting (I. Fihl-Eibcsfeldt 
J&bib; (j v, WaJilciL I'JfcJi. Predatory fish try to separate single 
dish from a swarm or ire m wait lj metis uiiLil a Tisla comes within 
reach (Fig. 173,]. A falcon in pursuit of a flock of birds also tries to 
isolate an individual front the group by means of sham attach* (N. 
Tinbergen When a haw It chases a flock of pigeons i! usually 

arms lor the bird (hat is furthest from the groups In a lEtek oaf white 
pigeons it chases ihc single hJadli one. and in a black aleck it chases 
the white one. 

A large number of brood “care behavior patterns for care o f the 
y oung iraiTbc understood « adapta tions to predators. suck as me 
distraction display tp. I4^X w the mouth-breeding of cicbtlds fp If ? 
and l-'ig. 174). Blact-headcd gulls f Lents ritilbuudai) remove the cep 
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k-ltc-IJs from Lhe vicinity of the nest .1 fte r ihv young have hatched. 
Jf they f;uI Hi Jit this a predator can more easily dctcci the nect 
tN. 'll libfr^en, C J- Britekhuj-xin and other* 1962). Ad&piaiiora lo 
pfftjatofi jilt also rftn in [he selection of (he nesting place and |hc 
habit of breeding in colonies. Large galls and crows can be driven 
off by many black-headed gulb. H. Krunk (cited by N Tinbergen 
(1965]) demonstrated that Lhese allacks make it inure dillkuli for 
pie do tors- lo sacal eggs from ihe center of (he colony (ban from 1 lie 
periphery, The syndironizalioni of egg lay ing, in blaek-ltcadcsj gull* 
i* a prrtfCliwi against predators. By (hi* simultaneous ee claying 
Ibe "markel t* rhxxled,' - so eo speak, and Lhiv overabundance of 
egg* (hen become* a protection fl. J. Pallerson cared by N. | mhergen 

To demonstrate whai a variety of bfwdeirr patterns evolved 
even in ibc quite homogeneous group of andrans, some examples- 
of frogs thal care for Iheir brood will be mentioned (Fig. 175). 
Add mortal literature is in W. KlingclhOlTer (1^56) and R. Merten* 
(19^9), In lhe Central Luropeltn midwjfe toad {Atytn obttrlrktmf) f 
ibe male rakes up the strands of spawn around ics legs until the 
lanit wiggle within the egg shells. Then the toad seeks out a pond 
an which lhe larvae hatch. In this way (he spawn is protected from 
lhe numerous pneJalon* in she water. The Central American poison 
arrow frogs {tfcmiFvbotf$ arrnwrdj deposit iheir egg* on ;i leaf Outside 
(lie water, 'fhe male gururds them and sits nc;M to the newly hatched 
tadpoles, which then climb the back of iheir father. There they 
adhere by suction and are thus transported to the nearest puddle. 


Figure (/& r<iji ihie cm I or itsH t?aoa Tr^a iigft:: i-nd™!* r^Kt: 
Wiw GcWi i'e-x tell ■ HV& .'jO« io bun Bud ihie ls* mu A h 
(M!*4tl! sjpSwi ag*nj.i ptatiaicrt fats. (Ot*fcn Irwn pw:sgr«hj try 
HI K*th#.) 
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the fr i> c; {Myfa jaber} of tropical So-ath America builds sma 11 breed¬ 
ing basins nil I he edge of puddles by ratvi^ic mud into j rutted wall 
Spawning lakes, place in these small basins. Later ihe larvae ;irc 
freed by the rising vuier. dm the Chilean (Darwin's) hog < MtHoder/tm 
iiamim) Ihe males guard ihe eggs. which are depcwJited on land. As 
soon as I he larvae wiggle in Itie eggs ihey art snapped op hy chc 
malts add are carried abcmi in (he viKiilirircd throat pouch. In 
ihe South' American toad [Pipa tt/uffifawij she ecc' develop in 
honey comb-like pockets on Ihe mother's back. 

Marsupial frogs iXfUatn-rmo protect their spawn in incubating 
punches on their backs, and OoldL's frog f/fyfer gnkttf) carries lire 
spawn in a bowl-like depression on Lis back. Many frog species 
deposit Iheir eggs in a frothy mass of air bubbles which they fasten 
n> plants above the water, so that the hatching tadpoles fall into the 
water, for example, the grey tree Frog of Africa {Chintmuntli .wmvn- 
pt'Hnti), whose female clasps the foamy nest uiu.il Ihe lanae have 
haidied. I.n this way Ihe nest is proleeled against drying out too 
rapidly. The w histling frog (Leptwifuriyl jjvt tahinJn) hyilijs its foam 
nesls m cave* it has dug into creek hanks, and I he larvae are freed 
when the wiser rises during (he rainy season A com pare hie multi¬ 
plicity of brood-cart behavior patterns can be observed in many 
other animal groups. Wc might think of ihe mans fascinating adapta- 
Imns of insects. Suffice it here to JeninnsiraCe this varilbilJlv wilb 
(by examples from the frogs. If such a uniform group of animals as 
frogs can show such a variety of brood-care behavior pattemv it is 
easy to imagine whal diversity we can espect in oiher groups of 
animals. 

The monspccies member may also have an impact as a competi¬ 
tor. forcing the mo*i varied adapiaiiortv lit animals which ate so 
threatened- On the Galapagos Islands the frigate birds (especially 
Frfgata minor) have specialized in taking food away from oilier sea 
birds. They eircle above a bay until (bey see a Jolting booby or other 
sea bird. Then they rush al it arid peek it with their bitLs until il 
regurgitates its prey, which they then skillfully calcb. I once saw a 
tropic bird killed by a frigate bird. This formidable predatory com. 
petition may have caused ihe swallw-iailed gull ( Crtitgrui fvreartu) 
to fish only al night. The dusky gull (Lfrrvt fiitfciri&sui}. which fishes 
during (he day, has gray feathers and is well camouflaged, which | 
interpret a* an adapution to evade the competing frigaic birds. In 
this connection it is remarkable that many red-fooled boobies {Suta 
pixatw wtbueril on ihe Gallpagfh. possess a brown-feaihiSi.Nl 
plumage which resemble-. that of juveniles, 

XomTta'ijiici it with other jp ecics finally dema nds behavior ada fllfc. 
lions Tn the most, varied are**- W^aJjaady. mentio ned the food- 
geltmg behavior of the tiarw Ln Unifies. As an cajitiple irc-ia and lie r 
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fu ncnoruil cycle: Rlv«-&«d boobies C Si#A# iftn-tviuira grauti) 3 rad 
ttiJ. riRiicd bmihics iiWui pitcasur hyJ taronfh which occur sympairiijltv 
on she- Galapagos Islands, have dilferern breedmj; habits. The Wut. 
faced Kvb) breeds on (lie ground, the red ■faced booky on trees 
(Fig. 17*). 

Special prote ctive rncastifes at e jctttLiied iie-uijiiL 
frogs". loads, and alpine salamanders free Ihcmschw of adhering 
leeches by silting jn. the sun. which the leeches caronol (derate. Fish 
thal are plagued hy parasites allow ihemsclvcs to he cleared by 
ekaugj-s (p. E4*J. Jp the Icar-eutliPE. arts (/lJ(!f rtpWdhi) Ihe small 
minima workers protect the larger workers again# the attacks of 
parasitic fires of the Phon4a£ group, While the larger workers eul 
leaves and are defenseless. Ihc minima workers position! themselves 
with open mandibles amend them and snap at the approach kg Hires 
they also ride along on the cat leaves as guards on the way had: 
10 (be rest {J, and t. fcibhtihesfeldt 19*7: we also Fig. 2H]. 
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Symbiotic relationships 

W« wont la conclude the discussion of in terspecific relationships with 
Mime illustrations of Symhwvcs. which ,inc of special iittractkm for 
(he studeat of behavior. As we have said in Chapter 5. Hu'- Pjoblc m 
11 1‘ 1 ncc rsfK'c i Ik com ntu nk'drit m is ruised in such parinei 1 c LjLiuicLi l-i |' -■ 

11 l- r m ,1 [j Tnolueists s pc.tk of sy mb ms is w h en iwo ilitTcreitt vtscdei 
utll.tlfuiiuse ill some way to Uwif mutll 1 1 vit.y cue 

















H(tANQNS^«PS TO Tut tWttONMEWT 

species proflLs, w |1 hvu L '■I'HIC disadvantage Clm I nthor. ibo it eom- 
im , n-,ilUift hi fnHisli, whni we ...ill symbiov-* v- •. .LL-J iiiuii..ilh.m. 
the concept QJ symbiosis i s a larger calcum »hkh includes pura- 
MtiiJti, wiBiH<iuj]iiin, and m ui u,-il - ;i i. 

The point of departure for p-irasriisn as well as symbiotic 
pjrcnrcship is probably in most Lnitaqeesi Minti; kin J of wmniensalisfn. 
Marty nub of the high seas seek. proiceiian tn the viomh or larger 
lish ] observed jackJoh (Caims.v rjrAer) Mpempnnying h,m.u:ud.i> 
b»rmri*At). They »wam closely ,ibove iheir hack:- and 
performed each lorn of Ike barracudas. Near the Cocos Islands I 
I he jiwMisb iCVitm* ptori™*) locwnpanying sharks and r»>\ 
and an ibe IndiAfl Ocean a dosdy eclated -.p-ceiiT* vfjtfU MCum- 
p.iiiicd ilae liiruc wrasse iCtwrliritii ui/thtltausy t ke blue runner 
i Kfitymn fripitiftuhiiusy sometimes swims with sharks and ocher laree 
ilsh. They are safer Ibere than alone m Ibe open water. Isomcbnie^ 
(hey rub i hen>sc3vi*s on rise skin of the '■hark?. (Fig, I??}. which, «o 
liifn, seem no derive no advantage frons their companions. From 
these kinds of loose USOCiAH obligatory rdaikirlshipS evolved, 
Pilot fish (,\W/Bftr L.) are alnwvi never seen alone. Accord¬ 

ing to our observations they behave JilTerentty swimming w iih 
predatory sharks than with ihe gianl maiicais (Manta) and harmless 
v,hale sharks \ Ktu/tcotfon}. When uceompans ing predatory species, 
lhc pilot fish usually swam near the vertiml artel dorsal tins and 
farther behind, and only for a shofi period of lime in front of the 
mouth. such as when they passed the shark and swam toward |be 
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divers, Whale sh-irks mania* were Mirroumlcil by pilot lish 
which (kd into (h<:if mouths wh(n danger approached iF r ig. 17&J. 
II Flak* {19541 observed nhat Lhe pilot 1kh cleaned thf mouth* of 
mwraias, fck-re a partnership with mutual advantage for bnili has 
devetoped Echvtieit aiM> dean sharks. 



I- 


Figure 1J$. 4i] Mam* wuh pitot luh tiled Scij. |b} itiwfc wilts pdai IrJh t*ri)m| 
iPTwIo^iepfts. It Kiss I 
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Ifl lute Cases '.-1 iiiu1 .jrilple ngiLah U :s v lop between 

the pultun In the service of interspeei lie interaction. These have 
been studied in some detail in the cleaning ^inhu^es (I ETFil- 
Eibcsfeldi 19551. We referred earlier io the "elcaiker dance" a' well 
as the ’'inviiitig’' and "rejection" postures of Ihe customers, which 
even change color when they want 1o be cleaned. S'as& mptinosoma. 
for ionartce, turns light blue when it is bemg cleaned. Thk makes 
the parasites visible against the efliuru'.sitig background. The cleaner 
rapidly Laps its hosL with iis librillating ventral fins keeping it in¬ 
formed as to where it is cleaning. The host acts accordingly: H slops 
moving the fins I hat are being cleaned JFtg. ]79) and erects them, 
and II opens its mouth when the cleaner butts against its corners 
and allows Lhe cleaner inside. If the host wants to breathe heavily, 
it signals its mien I ion by partially dosing its mouth and Lhe cleaners 
lease lhe mouth cavity tp. 147 (. Other warning signals are the 
movement of the opereulae and the shaking of lhe entire body by 
I he host fish. These behavior panem* have ennvergeniiy evolved m 
various species of lish 

Many diiterent species of lish allow rlitrtr-,elves io be cleaned by 
dcaners: Predatory fish and peaceful ones, reef dwellers as well as 
lish of lhe open seas, Sometimes we saw swarms of lish appear out 
of ihe deep blue waiter and stand head down above a cleaner sta- 
I. i Oik US il in rCS[Sii;c.e Elk a single Lmn ntand. They waited fiW [lie 
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cleaner*. which sewn ^erf bttsy v, iih. cheer Uisk After several minutes 
llit lisjfc school again disappeared in the depths of the stj. 

Ever mama rays visited the cleaner sianom in (hr coral reel' ro 
he cleaned I Fie IbO). In a reef canal ctf lhe Addu A Ini I {Malcdive 
r'•lands) we observed hw four maritfis slowly circled a coral flump 
15 meiets tain™ the Hidrire, During ihj$ time 1 hey were being 
cleaned by numerous deader wrasses {Lairfuitli-.v and 

species). They opened ibei T targe eilL covers and per* 
jnisied the de&ners to enter 



Fig^r* i flO Mont* 
N*vg ei**rt«j by ciMT^y 
l>V> ( fbj.'jLiliS.-'I.H TfMj 
n»H>Sa CpOHl lh# 5^1 
te<m 4"d lh* 

tU-Wbij |« inter. iftio. 

Ibgrapti H. H*M ) 
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The cleaners play an importanl rnk In the life of lhe reef fishes, 
an recently •defncfflvi rated by C, Umbaujh (1961). He eapiured 
all cleaners from two reefs in the Bahama*. A large number of reef 
fish left Lhe area, ami those that remained showed many shin and tin 
ailments- 2 weeks later. Not unnl new cleaner* migfaKd to tin* area 
did customer* id urn again. Limhaugh also observed that one cleaner 
was vipied by nunc ihun 300 customer* of various specie* during a 
period of f> hours, 

We observed ihai at rime* (he llslt actually crowded around 
cfeaner stations. Various specks wailed their turn and a* agonistic 
a* these ftsh are at other places in the reef, they were peaceful here. 
The cleaner station was, ro speak, a tartar '■hop in the reef 
owned K nil and ihercfore neutral ground 

Cleaning svmbioses have been o bserved m t a nous region* of Use 
w orld, and it was fi.:iinc r Lh;d all elcuncis are not specialized In the 
same wav To carry mu this “trade." Tn lhe Indo-lhtclfk area ii is 
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m«.| I v L?IC iltJiitr IkS-h Ol 11 iC geh us f.iihn*idc. , i lli.i.5 net aC[Lv<. lit I hr 
Lropkal Atlantic there arc many spoeies ■of fish Lhal regularly or 
occasionally sic art dllKii. lit J9S5 we observed near B(nWiTf (C,v 
nhh^'.LM i the fallowing cleaner fish: Kith Attorn* tGobudae), 

Gratnnw tnutichryntx (HcmKhrL!-TniJ;i.eJ. Thobaimra kj/cncioium and 
florlwHiYJ rnfra (Laferidae). a nJ Am-jQtrrwttf wrginrcuf (Hfitemulidae); 
)n (he Bennud.;i% we found CAtfoTdr&br tfrianex (Chaetodoticidae) a rid 
AlwitefJitf itixuiihi (Pomaccnlridacj. it appears. here as if Lhe eco. 
logical nielie of the -cleaner has been occupied by nol just one 
spwoaIiictl cleaner. Various species are slill Competing for Ihss posi¬ 
tion. Most specialized is the cleaner goby {Etacalima ocraiwps\, 
winch has scry similar Hdars to Lhe cleaner wrasse il^ihraidea 
dirtaidStnus |l A comprehensive summary of these cleaning symbioses 
can he round in h. M Feeler (1966). Near :t Cuban island D. H. H. 
ktlhlmaun observed a HXUhcd-Carp i(iowhiwa\ cleaning the 

mouth of a crocodile [ Ctotad\rlut d/ufui. 

Many shrimp - of the genus Stwvtpiti and Ptrftfhnenei arc known 
to be cleaners of fish. By waving ihcir lung antennae they attract 
iJtc attention of Lheir customers. Prrif/i'iMfWJ ptdtrsoni climbs on the 
ii-.lt nnd crawls under their gill covers or into Ihcir moulhs with Lhe 
ii-.li exhibiting the appropriate "inviting" signals. When frightened 
lhe host fish spit out the cleaner prawns or warn them before swim¬ 
ming off. The cleaner prawns also remove parasites that are lodged 
below lhe skin (C. Limbaugh. II. Pederson. and F. A. Chare E9frl). 

On land comparable cleaning symbioso e*ist. The crocodile bird 
l/’Eniwiiui atfypIHu) h-.id been cikd by HerodCrtns as crlcTing the 
riiuuth of crocodiles and ealirtg leeches. This symbiosis h as nol been 
studied in detail. Very little is also known about, (he oxpecfcen. 
i Bitphagiti afmiitihf, k, the relative of starling*. which climb about 
■on larger animals, catching insects, larva#, ticks, and other parasites. 
They specialize in this and are sometimes parasites themselves I 
observed how they Opened wounds On rhinoceroses and drank lhe 
blood. Hern ever, the benefits undoubtedly outweigh thedisasIvanU'ites 
Whether or no! these species communicate- wiih one another in the 

manner of [he cleaner fish, is not known. One of nvv own chance 

* 

observations points in tui-. direction. An ox peeler Lhat was working 
on a part of ilte skin of a rh inoctrov which was infested h\ (lie Earva# 
of lhe botfly, was repeatedly interrupted in its t as k when tlte animal 
rolled on the ground. When the rhino again siood on its feet, the 
bird uttered rapid calls, before again alighting on it. The bird con¬ 
tinued to call when it again sat on the rhinoceros before again ap¬ 
proaching the wound. The rhinoceros did nni roll on tlie ground 
alter dial. Zebras jwait ospedkers by standing with spread legs, 
ihcir tail raised and curs drooping, so lhat the birds can gel at the 
Licks ill Klingcl 1967). 



relationships to th[ Environment 


Ottpacktrs arc campkwly dependent on ih^ir hosts. However, 
there are jI so a number of more casual relationships which ini-cbt 
serve as models for the dmelDpeflE of sci s h cleaning sy rabieses. 
SlJTlbtji (^iiAUi mlgprif} can frequently be seert uear grazing 
eattle. where they ealeh insects. VV hiLc v, ag 1 ad> are frcqucnilv seen 
chasing insects cm pig*. CaHle egrets MnAulu fAae) k which often tide 
on elephant;., culch Ihe insects ch.ii have been ^red up by Ihe 
gracing aminals. I he small ground linvh {GeaipiM fuHgimna) ol ihe 
Galapagos Islands searches for ticis cm marine iguanas. A mtciiiLg 
of two speck s ifl Lkui manner provides (lie prerequisite fur ihe Jl^-L. 
opmcitL of an actua l symbiotic rel.iinn-.Lhip 

The pa rtners may offer cadi oth er quite diJfcrcnt advantages. 
Hid accordingly th g syntbioso vary. In the Red Sea and Lhe- tropical 
|ndo.Pacific regj online gun anemones (genus Stotchaciii. kadton- 
thus. Diic&ionui). between whose poisonous tentacles one often finds 
Che anentuive fish Of Ihe genera Ampttiprion and prfmaas 1ig |HI I. 



The fish are hardly ever encountered without an anemone, and Ihe 
advantage of living together can be readily seen; The ftsh are well 
BfOtefled between die tentacles of the anemones- No predators van 
catch them there without being ttUght themselves, 

In some insiance* it has been observed chat the anemone fish 
dean their hu*L. They cam otT its watte products and swish ihf 
sand from iLs top side- (I. ELbl-Eibesftldt l^&Oa). In the aquarium 
some anenuMic iish feed their anemones, but il is nen known It they 
also do this in the wild 

In any caw the anemone lish seem to have ihe decided advantage 
How 1 . i’i, ihen. that Lhey are not Siting by the poisonous tenlaclo 
of ihe anemone? Here some opposing points of view c*lm, hecause 
vanous authors have studied species that ditTef in ihcir behavior. 
tV* have e^pet i merited wit h Amphiprtwt akaUcphta. A .Trviffrwrau. 
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jnd r percula and found ilv.it the fish are covered b; a protective 
suhsianee cm (heir '■kin (I Btbl»Eibcsfddl 39(»4c>. If one re. 

moves i he mucus front the sit in, the fish arc stung and cans hi by 
ihe Knock's, An intact fish e arn he Hung againsL the tentacles w ithottt 
harm resulting from this loush treatment. This holds true even 
when the lish is moved passively across (Ik Icnllda of (lie anemone 
in an atypishI manner, This disproves the hypothesis of some who 
suggested thiit ihe anemone recoeni-zes ils fish by the type of move¬ 
ments they make. Invesli cal ions by D. Davenport and K. Norris 
1 195S.I and more recently by M. Bl&seh t1%5j have also shown thal 
anemone hvh poms* a protective substance. There c*id anemones 
thal mlerate all species, of anemone felt, whereat others only tolerate 
a specific species of anemone fish and e-aich all other species. And 
finally Mi.Vseh found anemones that at hr^i caught all kinds of 
anemone lish btil gradually accepted them. Elul here. too. only 
anemone fish arc able to accustom the .menu me hi ibeir presence, 
Originally it was assumed that the protective mucus is secreted by 
ihe lish, D Sehliebicr (1%$). however, dcmonSLrlled that Ihe anem¬ 
one lish Ahtpiripriuii biCfrti‘Urs impregnates itself actively with anemone 
mucus which nmkcs the fish a pure of the surface of the anemone 
ilself. Whether this is (rue for all anemone fish needs investigation. 

In Ihe Medilcrnncan Sea It. Abel (ISh&OaiI observed the goby 
[Gttbiut butchkhii} ns an "anemone fish” of Awntmm tufaitn. Be¬ 
sides ihe typical anemone fish there es,«s| a number of oibcr fish 
which seel: protection near the anemones hut which avoid contact 
with the poisonous tentacles. Of special interest is the behavior of 
the damselfish (Dciscylius mm/nifutm). Near ihe Maidive and 
Nicobar Islands we saw these fish, especially young ones, frequently 
near the giant anemones, without touching their ten racks. In ihe 
Red Sea. on (lie other hand, we observed small schools of 1- to 
l-dn-long damselfish between the kntaeles of anemones. Here one 
can observe the development » an anemone fish within one par- 
tkular species. 

Other animals hive also joined up with anemones, ll is well 
known that the her mil crabs of the genus fcitpugurm have aiaciiiones 
on eheir snail shells in which they live and which protect them 
[Fig. 182>. It has been observed that an octopus which attempled 
io catch such a hermit crab was stung by the anemones and tc- 
trvaled. However, the anemones probably also derive sonic benefit 
from this union, for instance by partaking of the nteals of the crab. 
In any ease they seem M he well adupkd CO lhis life with Ihe hermit 
crabs. It is even possible that the initiative to live on snail .shells 
same front the anemones. Near England the anemone (CeJVKueJfr. 
| Sir.a:rtuf\ pnra.\itk(i\ cltnihs without the ,iid vd the hermit crab 
iEupapmto bertt/tanlMi onto I he Mini I shell (f>. M. Row I WsOi, A 
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Figu'i >8?. Ml Hwttwi crab Pagunt .i amuor in nmtMM -Mtti Ct*iCt4 rXmsdCd 
fb|' heinil e«afc Fvittyrfiry ^«^vi> ><i a vti »r*l ?(iai -n fiewn $*tt will Jhht/f>u> 
jM *Wa i;A*1sr L r auiDi Inun w Fuller |10SB|. 


ddjilcd inveiligatkin sfu™cd thal the classical conocpItoD of ihe 
stinging cdls ax independent dTeitoi* i* not Ijiiile Wrtrtl, Tf ihe 
anemone sits on the sea bottom And (Pushes (he horrtv Onlef vutfoce 
of o snail s-hel I then Elio ItnliclH actively explore the shell, aod 
many adhere (o il by a discharge of the neitling cells. The 
anemone liter, releases iis footing frond the substratum and mounts 
the snail shell. Once in place sis behavior changes. The lenlacles 
no longer siirt io ihe shell ^hee they are touched wiclh a piece of 
another shell. The I hre-shold for the release of the nettling cells 
changes depending on the soWraium on which ihe anemone sirs 
(I), i>.meiipiirt [3. M. ji,oss, And L. Sutton l%l|. 

In the Mediterranean the hermit crab {Parana mwj helps 
its anemone iCaliuiati pamsuket} to mount its shell When (he erah 
riKninleis An anemone fastened 10 the bniioan, it at first attempts 
to remove n from the substratum by tapping, it with ils elau"? and 
the ftrst pair of walking kgs. The contracted anemone opens up as 
a result of this and releases ils hold on (he bottom. Without this 
■■cooperation” of the anemone xi»eh a removal from Ihe bottom is 
not possible, because ihe few of the anemone adhere* bghily, The 
released anemone then sticks to (he snatl shell wfah its letuaeLes and 
bends its body in a Li shape, (bus bringing its foot onto (he shell. 
When the hermil Crab chooses a larger shell, il will transfer its 
anemones m the new one (F. brock I92?j. 

These two examples iLluiUnie two developmental slages of (his 
inlerspccilk relationship. bei~aioe in the Arst example of living to- 
gelher the crab is relatively yninvolved, whereas in (he second one 
a dtai adaptation is present in the behavior of the two symbiotic 
partners, it n passible, however, for each to get along without the 
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other. In the Crab Eupagwrus pnticimxi and the anemone Athtmsm 
patiiaia. however. the relationship ii » close ilt.ii the aKmuMt 
cannot live wilhcul the crab, The adult partners are never found 
alone. The artenwirtC faster* itself beltsw the moulb of (he crab (wt 
the - iku.ll shell w I'.ivh it gradually surrounds with its looi. Then ll 
secretes a horny substance above the opening of Ihe snail shell, and 
in this way achieves a growth (enlargement) of the snail shetl, In 
this vj 1 , at preterits frequent changes tut the part of the crab, on 
which ii depends as a supplier oT food. Additional examples about 
symbiotes with neltling animats can be found in H, Fuller C19SSJ, 

En ihis. stay many pfLuective alliances of serious kinds are 
formed. A small coral, fkttifopitmimia. which lives in the sand, can 
only exist with the aid of a >ciu JL sipuiteuloicl worm (..•fspiifmipt-.Mii 
which lives at Ibe base of its lime skeleton. The worm moves the 
coral across the sand bottom, prevents It from sinking in. and straight¬ 
ens it up when it falls down. En return, tlie vmorro is protected by the 
coral (H- Feusrel |9M). Prawns of rhe genus Aiphetn live together 
with various gobies (QypteeaHna hrthtri, for examplek The prawn 
digs a rave in she sand, and ihe goby will watch ewcf it tn return 
(W Luther 19i»S, W. Klausewiiz 1961; see also Fie. JSit Cardinal 
lish seek protection with sea urchins, Siphamia wrtkofor with 
DkthSctm sea urchins. The Irish dean their hosts in return [)• EihU 
Fibesl'eldl I96IC; see also Fig. I$4l. Additional examples will be 
found in E. Abel fldbflb) and Ji. Magnus [|d6J>. 

The v ariou s symbiosis known in insects are must iusetnaUiig. As 
an example we mention only the syntbioses between ants and pliant 
lice {Aphids. The plant Itee secrete large amounts of sugary excre¬ 
ments and they are visited by (he unLs for this reason. The ants Lap 
the aphids with iheir antennas and thus stimulate them to secrete 
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their The behavior of Ihe ;in1 kwis vtr, similar to ihat 

which is shown when one am bets for food Tcom another, and ii 
was ihoiijjhi lhai the plan) Itce imitated ihe head nf an ant with 
their abdomen, especially bceaust the) raise their hind lees into the 
air. resembling Peelers (Fi". IS5|. The relationship between the plant 
lice and lire ants can be sen dose. The plant I ice /jjfknut taenia fa. 
u!ft. Armraphia farfartit, Ptn^phigtti rni'erjJ'eireas, is rid ihe jfointfrfrj't 
species can no loii"*-! remove Lheir c .sere merits from rhdr bodies 
because hairs surround ihe anal region, which retains the excre¬ 
ments for the ants. These planL lice arc not only protected against 
enemies by the ants, but ibc, are cared for in a manner in which 
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man keeps vnloabk e-iiile. The i.^ make rw^ for them oul of 
earth -int! Lhey bring ehc winter egg^ into ihe lower pari of iJiuir hi||s 
for safe keeping over ihe winicr. hi site spring ilto hatching 
are taken to (he plants for feeding. and on told nighls they arc 
relumed lo the an I hill. Some-limes Lhe anls also depend (rdusivdv 
on plan! In,>;. Lcnitts hiwivstw lives exclusively from Elis encrcmenls 
of I lie Slatnatrhii species. Tilt synibiosvs he tween jn-.ects and flowers 
are mentioned .it Lhis lime bur frill nut he discussed funlier. 

Retard less of lhe Ijm.-i -.■!''ombioiic relationship, they raise imw - 
vsiujg. ^uesUou> fur the uhulugisl in res peel Lo iheir twlagieal si| ' 
- ■.... ihe v, ;iy they uriginaUid. the methods of inters pecif ic 
communication, and Lhe Jesclupubcnt of signal*-, 


Parasitism 

The various relationships between parables and their haste raise a 
number 0<f faKiraalifig problems Tor lhe sludcnl of behav ior, such 
as selcslifnl of |he host, finding lhe hutsl, und the (LclcilvLve -reaction 
ot Lhe host fG. Osch* l^bJ, l'*J66j, VV< already disevssed how (he 
parasitic widow birds mimic the bust species and how 1 III- Inn .iy of 
certain liver flukes reach ilseir final host by means of deceptive 
signals. ]>. Davenport t t%fi) in 1 , estreated the sped lie reaction of 
pol)th»ln which live on sea stars and hermit crabs to subsianccs 
dial are secrcLcd by iheir hosff* Between Symbionts. commensal s. 
pfcdnln rs iikL pg psiift th ere are transitional iLirnas, This can be 
traced in inis and Iheir vjjjtort (t Wasrnann I Silo. iflSS; It. EslIil-- 
rich 190*; H. RischofT 11)23; R Httse and F, IJoflein I $43), A num¬ 
ber of ilic^e "gueste 111 are true predators (Jtyjn^mtiu) that damage 
lhe anl population by catena lhe brood and avoid pursuit by ihe 
.1 ills by retreating into small crevices. Their hosts cannot follow them 
there. Others are heavily armored and can roll up mid n, halt so 
drat ihc ants can gei no hold on them. Besides Lhese predators there 
arc also harmless dwellers {Synoekeier) in an ant colony They only 
eat waslc producls and arc therefore lokrated- However, some of 
iheve have managed to obtain food during ihernial feeding among 

.mis. In Lhis way she silverlish Aifhtfa (Fig. |g$a) obtains nourish¬ 
ment. The am v-riclet {MytMetuphita itteewrum} robs food-carrying 
worker ants as well as larvae Ibat have already been fed. The guest 
ant ftfnufwniirr htp from workers and i% fed by lhem. True guesi-v 
( Spnphytf) provide special aromatic secretions for the host uiits in 
return for food and protection- As long as no disadvantage derives 
from lhis alliance for the hosts one could speak of a symbiosis; fre¬ 
quently vurft symphik-s cause extensive damage to their boon*. Tile 
short-winged L&rii-echitsts sirimuaa live wilh the red wood arils 
formica rufa. which care for them, feed them, and who m turn 
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receive the aromatic gtand secretion of (he shdfi’W mged spews 
(Fig. IS6b), While taring for lire other, however, the 1 . negLccI their 
own. brood, which is Inst if ihere a/c too mam ivmphiks. h'nrtlier- 
more, (he guests and their larvae cai a large number of digit hosts’ 
larvae. 

The mite Anirmwphtfria becomes a paiUsile in .1 dilferenl way, 
The nntes so on the underside of (he ants' heads and SltOhe the 
throat region and the side of the head with Lhe first pair of legs so 
dial the host ani regurgitate* a drop of food, Viliieh is La ken up hy 
diis ectoparasite (C. Janet 1S97. cited ht K. Esdierkh [I'JtibJ: see 
jiIhi Tig, IS7af The ants often try , in vain, to remove this living 
mottle. On many nnl brvje of the genus Pachycendyfo (here is 



figu>» liT (a] A pHood larvi « wrapped ATOuod ih« n*c* tin W Or,* IffcTty 
t&vMa) ij>« a hvwng khCk Tis* perana larva « state lr> co*ili\->l Sa s «ri* rvir-m Hid 
p*hfcwcir rj thi- L»fv* (in 10*11. 'bl the exkovIe. " at Wh l' S-Vs 

jr the utdoaidt o« &* wifi head It-****) tgeMaoH tfw ant yr«n >* k*ai. -hk! ihm 
•■eitasK iewlewj. |Alier C. Ja*Wi liom K. I lelwreh [ 190fii | 
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wrapped around their netkv as j, liimi of Imnz collar. ..i phond 
|,irv L i 1 1 cai% wham iht- am larvae is fed. U'hcit alt tin food is eaten 
the lly larvae manipulates the behasior or its host larva by pinthiii .2 
ils skin s> that ii b<edlRe& restless, which in turn arouses the gtten- 
lion of feeding worker anis. which return co feed them i F ; ie Lfl.7b>- 

Ven unusual kjnda oL snler^pcvmc cuILtbqflUioq arc found m the 
slave-making itttk where one am species becomes ine parasiteon. 
another anl The females of the slaveowners no lonaer establish Iheir 

|-, ex'.IC’rtls" ■ Ir [h? Il i;i:iIc of [111: Jed .iitr FumtiCti fufa ds>£S slot find 
a nest of its osvn species it will enter one of the related Formica 
fttWL There iL will he adopted if no olher queen is present, In Ihe 
course of lime I his ne-l will become a fwnfra m/a state- the fop 
iMined queen of Fmaka Smgwnm il»W enters ihe nest of Ftuijjfr.fi 
fvKtt, rohs some pupae* which ii raises and defends against the host 
ants The h,-i tching workers care for th< nonspecific quttti and her 
brood. so iha< within ihe host nest .a Formica ttin^Mfncu'state develops. 
The host ants eventually kill their own queen, so the host population 
eventually dies out, When there is a lack: of workers, the jRnmifr-u 
idiriUriiea workers roh workers from nearby /irannfrr? jriucr/ nests, 
The American Formica rubiatnda ant. which lives in Ft-rmica irih- 
serlea nests, collects ncn slaves when they are needed. The Amazone 
ants t Ptti rer^joJ are ewipktely dependent On iheir slaves, because 
they are an j hie to break down food with their vjborlikc mandibles. 
They musi he fed hy their staves and Iheir main occupation is to 
so on slave-making raids. The small ant Softtut/uls fitgax builds its 
tunnels in the ncs-ls of Formica mfa so that it can rob their food. 
.Similar pfey rohhers are also found among higher animals, We refer 
to ihe Irigaie hards mentioned earlier (for cs.maple, Fr^yaits miirur 
of the Galapagos Islands, which chases other birds and takes iheir 
food. (I ELM-Ei i be sfcld! l%4hi The European cuckoo possesses a 
'iipianoi m.il eape releaser arid thrsnis its mest mates, the you rig df 
the host species, out of the nest. This behavior wanes after several 
days, 

Mart) atccies live on Others either flu the, durjlissu-of-tiww-hff 
o r for a p erioJ*~Jnlv. 'S ome specie* rceid-uk .i-c i' tliers a s a 

inruu of transportation, for which the term pAorttis has been co ined. 
The marine snail {Janthm^ is orten used oy ue crab (FUma nrinnua) 
as a means of transportation. The buoli sen: p am mmeiimes clasps the 
leas of flies and is transported to other localities in this was. Such 
phoresis relationships may lead to a symbiotic as welt as a parasitic 
relationship. the larvae of Mrla? climb the flowers of anemones 
and dandelions acid wait i lie re for bees which then carry I hern 1o 
their nests. There thev eat tire larvae and food stores. With these 

jf 

examples f warn to close with I he disc ti^-, ion of interspecific rekv 
tmnships, and we will now turn to intfuspeeiSc imeraetion-s. 
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Behavior toward species members 


in KWH* wpac-rii i*i*»* »vsis 9 Hjrpfflinj-J agf#*friont in ihi: son .: 1 toc-n.i,:, 
Of *n Tijjl iiwt human <jrniji».. rhfll one *nSf fe* sncouispfld Id f'dps lhai 
antral bhreMtogv SOwtl be useful id diutbvet-iKi law* ibgr also govern jh* 

socal life a' human groups <D. Kjki^ 


The c onspeeiTj c often play* the role of a partner as well as that of a 
rival in Iht ec oJogy of un animiil- Aw j result of I he dual nature of 
this relationship. the spevres niuilbcr !h»qu«nrh- becomes ihe bearer 
nf r/u-ein-.i’ .i-. well js attracting signals: some aspects of ibis duality 
already tween diHusscd under the heading of courtship and 
greeting eeremonics. I n this sediem we wjnt Lo denionsirale Ehc 
selective adi-anlac* of these eppo'ina onnl,icus«lcing and distance- 
ni iirtamiiiTme chaniwii We want io discuss advantages .. f forming 
croups unk :ew ,.i many individuals and the adiajii*jLe> • I -ii.il 
i :11 -■ I.- 1 .l: i_Only .1 IV-w species arc socially wdiHcrent in the sense 
Lhai they seek no cenUact Such animats do nM even mwi few (Tfniw 
ductfon Many'in'llrm< animals discharge ihrir sexual proJucu ieno 
Mu - surrounding water. Some of them do Ihts in response to a chemi¬ 
cal stimulus ihat results sti synchnonwalitm., and when ihev signal to 
each olher in 1 hit way, we are already dealing with contact behavior 
of a miH! iimplt’ kind. Many ground-dwelling; male arthropods 
deposit sperm at opho res which an? accidentally discovered by thc 
feniales- The males of Pofv.nenus build a signal structure in the form 
of a double Iract made of lilaments which leads the females lo itic 
spefmalophoies (F, Schaller ltw>2j. 

Spec tat internal motivating mechanisms ensure ilvt an animal w ill 
-eck -■. i .! couL.acI wtih cnenitwe/s of its species. t)istance• niainlainin| 
behavior is based on lhc aggressive drive ip. 57)c and there are 
spe cial drive mc cHan iritis which lead some anltrmk lu a&unkuic 
fflMUm tri vria MPIPtafes In Ihe same way (here enioi drive 
mechanisms which arc the basis for grouping behavior The driv e 
hi wvu.il and parental-care behavior arc csairiplcs of ink f .«r Hie 
grav lag goose 11 Fisher (L<H»5) demonstrated an additional drive 
which is independent of sexual behavior and Caring for the young.. 
Sudi drives lo maintain bonds probably L-vist in olher animals as 
well A young lish Lhai is separaied from the swarm culiihits nppclhive 
behavior in search of a swarm. It has not been possible io demon¬ 
strate an underlying sexual motivation, and il is probably appro- 
priale. unlil the underlying mechanism is beiler known, to speak of 
a general drive lo establish bond' as the hash for Ibis appetitive 
behavior. 
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Ir>lra3pecifte Eiggf$5$idri 
Territoriality 

According to Rousseau (he builder of firs* fp*w the founder 
of dvilizalkin Since the wort of H, Eii. Irc| (i^20> wc know, 
i, -i that many anim^K didiiuJ .i Lvrinin a rca ...i ihcii habitat 
as. a territory ugaiusl members of then specie * and niicn marl, n m 
a >pcvifif manner. The territory may be the poi assion o f one iridi- 
vidud which repels all OQnjpccifjc animals or merely all species 
members of line some sex.. but it can also be the possession of a 
group that repels only con specifics [hat arc not members of ihc group 
ti;micivTs males .1 iiJ fcmatey live sohcarilj, and they occupy a 
den only temporarily during [he rcprodactive season. The females 
live with their young only for a relatively short lime. In many birds 
and some mammals {gibbon, flyfuhtitet iar, tve l 0, ElleFson 
ihc pair defends a territory, bur many animals live j it linger 
units (pacts, herds, or cl;ms.l which occupy an arc* ih?n. they defend 
against eonspccilics from different, groups. This is (he case with 
wolves, Hanudryas baboons, and faix 10 give only a few examples, 
House mice and house and Norway rats Iflfitt mnxrulus, Kofias 
faults, and it minregreiH) live in groups ihat deve3up mit of live 
family um ii as succeeding general ions remain loget her. These animals 
defend Lheir territories against strangers from other groups of [heir 
species, This intolerance. which is lied [o u specific area, his received 
much attention recently, because certain parallels exist to the human 
attitudes and behavior with Tespeet lo property (p. 4-My 

Territorial beha vior ensures a certain atnonn L of J iving s p ace or 
hiding plates lux an iuJivEdiial nr a group of anim al. Thus il b 
ira purr am tf a songbird is to' find sufficient food for its brood that 
no other species member breeds in [he immediate vicinity of its 
nest, There may be twinpelilion for a suitable hiding place or nesting, 
sites. Anemone lish do not defend their anemones is a feeding 
ground bill as a. hiding place, and Lhe same is true for many other 
reef-dwelling fish f'he animals distribute themselves equally through 
lerriloral behavior. Pressure is exerted on the neighbors and the* 
results in an increase in the range of the animals in the final analysis. 
Finally, one of the results of territorial behavior is to prevent an 
overexploitation of the livmg spate, for example through ov-ergra/ang 
(M. M. Nice 1941: N. Tinbergen |«7; V. C Wynne-hdwaTiJs 1^*2; 
P. S. E'ompa ItWtJj. [Ins principle holds whether individual animals, 
pairs, or larger group* oppose each Other as irduleraiu u-ntts. W hen 
p.micpy pressure on each oilier, (lien tins also re^iUs in iheir 
dispersal. Ii* fret-living monkeys group territoriality is a widespread 
chnracferistU.', and the analogies to human behavior are obvious 
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according to f R Carpenter (1942k. Members of different groups 
ihreatCfi and light One another and actual right* between “/traps cun 
desktop. A. I 3 . A^'ilsoifc (19fiSt studied such flghii in rhesus monkey* 
on (he island of Cayo Santiago. |h these conflicts ]he groups are 
lined up opposite each other. Several female* of one croup nuv rush 
forward in nr muck: Lhey light briefly and retreat to thenr own line., 
while frnalH lhal have waned unci I now ro>h forward and emtriniie 
the iighl. Fight* between groups of Norway mu. nerc described by 1 
f, Scfirti^tf (1953). 

Ma les and female s may equally thnne in (he drffitst of terri- 
tpf). Ota, it is primarily si not «*i1u wcly the male that L'n-cupie* 
the territory. Thi* usually occur* during the reproductive period, 
oul iioc oT whi ch the ■ninalt may be quite peaceful. Here possession 
of Lhe female as the goat. The selective advantage of ..nth rival fights 
is that the stronger and healthier animal wi'IS hfped. and ip some 
animals lhe stronger also assume* the role of prolecttu of the brood. 
In lhe Uganda kob (AdfaMa kvf? ihaniiUf) there r\i‘-i iclevted 
mating places or arenas which consist of a number of adjoining 
territories. Lnch territory is occupied by 0 male. In Lhe center of 
these arena*. which have a diameter of 300 to 400 merer*,, the ter¬ 
ritories are most closelv packed, lt> to 30 in number, lhe females, 
seek om those male* foe mating which hold these center LerriicH-ics. 
There are al*o mule* in *iflgle, more widely dispersed, territories. 
The actual advantage of such arenas is not known. They have only 
been sludied rn this antelope IH K. Huechner 1961: VV Leu 1 bold 
1966). F. R. Walther (19*6) r* of the opmion that this Could be an 
adaptation against predator*, 'fc'hen many neigh bo#> -a ft cIumj together 
they ran delect danger more easily. In addition, these othetv.isc very 
iociable ani[S ulLy ean maintain social, if only visual, contact with 
their companions in spite of territorial separation. 

To avoid misunderstanding* it should be pointed out th.ji itttu 
tonal species do not defend all areas which they may cfeil. against 
member* of their own kind |n areas that are frequented rcjfiutafly 
b> an animal neuifal j rjas evist. An area that 3 * tun defended by 
an animal in a* he called its hi! in c r-otgc li: the Gali|ViSiw lata 
t Zvkphui wohtbacki) male* defend a specific coastal strip on land 
as well us the water cl«( to it. The fishing grounds in Lhe sea. 
however, are mu defended. The hamster (TWee/ict e-rieettu) defends 
and marks the den and its immediate environment but retreats 1 rum 
other hamsters it may mecl in the lidd*. There ore then neutral 
areas that are not defended. In baboons {Pupio rir.wjiiU the 1 roups 
each evening seek oul a specific sleeping place on trees, vihich are 
defended against cither uiwjvi. Each IrtWji also has its own feeding, 
grounds, where contact with other groups is avoided. At wjterholex 
however, they do conic into contact. with other croup* wathout con- 
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flirts being H lif result •: I iJtVnfL- 140}, Some limes an urumal defends 
its entire living area., which Lhen is usually small i J- ivi l :■: s j The 
scrrttory' is noi necessarily a contained area wiih rigid boundaries. 
11 can also he a system of pailis with (reed point*, Norway rats 
pursue sieange fa is. from oilici territories only on paths which i bu s 
have marked: house rats {RtiHut wrfrwh On the other hand, defend 
the entire area ihat is crossed by their puihs, (If. 1, Telle 

Larger birds often have separate breeding and feeding territories. 
While the tree-nesting herons, such as I he silk egret C Egr&ta §aF~:tTfQ}. 
the rail heron {Artieofa mthidts). Lhe night heron tiVjT ticerax 
nyakvrvx)^ and the gray hettm [Ardtg cfsy (Ten) breed an dense 
heronries in small fipresu Ofl the bant of ihe Panube and Tbeiss 
with individual distances reduced Up peeking djiiinca, the birds 
distribute 1 hens selves on stagnant sidestreams and rice fields over 
wider arcas t where they often hold larger, individual territories. The 
daily flights (feedjpg) between the two separate areas are still per¬ 
formed lit dense masses; only on iltc feeding ground itself' arc 
distances kept, owing: lo increased aggression (A. Fesiciics 1959). 



1II, TWntaws of tour rrstta dynv ; tr u n k s ^Wt>t isuflumri# [wp toftt can 

tf* Fflceijjftllfrtj l=v Itsr rr^rtijrr Ej|fv; YrtUCtl l!» iVWTllI S’lWTrS. l! fail Of iittiiS IhJK [!■*■ 
”4(1 '#mm av a stvlji V»* ternjcr «»curs«n> on acour dunnQ fsuisu'i el 
er-»..,«;| r<..)h|mrs. Each IrStS m-IA efaWTvM lAf 5 iTiiVillrl .FinrA I, j.tWE (i-'.li'HI 
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It re an error to believe ihut territory-iresning ;im.iN arc m ,l 
tUnT»f can iinMiwimitilinc with ih«ir neighbor*. Such a pwimitp- 
i-itkiv usms to "have ted R. Sdvnkel |.'|066> 1* conclude thnl (he black 
rhinoceros is nol territorial because he n^vur observed ilehis between 
neighboring Srtiiltali. 3 k failed to consider that air.m.ib iJMJ.il!'. light 
when (he territories lifM established and oocasionalh when a 
stranger trespasses hat not wUh (heir neighbors. These know one 
jmothcr and respect each other's territories One r-flCth obsenes 
fighis between iwo lieJghkwing Gfctiipagos sea lions, hul intense 
lights with intruders Lake place. 

Schenkel seems to res I net the term territory loan area which the 
am trial can continuously monitor and where (here i> a possibility of 
jn intruder being confronted and driven off writliin j shiwt tirnc- Its 
line with this reasoning a wolverine %v■ mU he highly intolcucii 
toward oonspcdiics of the same sc.e but would be 1 unable to protect 
its large htwete r.iEigs; front mi ruder-, Therefore, it would he wttjfljE 
to speak of territoriality [ propose thji any space-a-MKiated mloler- 
MtoLbc c alled tenitv>Mftt\. hhcre u • territory ^-ss ner“ is that animal 
before which another conspedtk must retreat aL a t ivta lim e- In 
this connection P. Ley hausen's [19<>5bj observation that cals possess 
temporally debited territories detent”, notice Many male eats can 
use the same area, hui at ditlVreni, w-?tl ..established limes, and each 
is only a temporary owner of the territory and is retreated from — 
during this lime This docs not mean an equalization liT icmiorutliiv 
wiih relative intolerance such as is observed in rank dispute. Intol- 
crtJitee Connected with rank may lead to spaila) avoidance from Il;c 
si de tsf the inferior b ul rarefy teach to a spacing out In territorial 
defense the cunipfiituis in rank often unite against foreign inlruJers. 
A fovi-.iiinlsing mem her of a group thus demonstrates dial he is a 
member oT tFc group. occupyinE and defending the group territory. 
Rank dis pute - ar-; not anked to lcmian.il claims they might he 
observed Veit in a migraiing flock and the rant relationship does 
nol change regularly with the lime of the day. w hereas m temporally 
defmed territories the temporary owner gains superiority. 

Coniijrrifl i! cEiis addition w* basically agree wi th Schenkel th at 
a lemiory is . 1 n area i-i which an IndividuaTor group doe s not tolcr- 

a |f i^nlar — Mjmh^K j)f (he same speck's citlicl repulsing all 

nqlv ih->-e ol ihe s.iriie -l-i. Th e territory ownership 
jiithi be tauiatti na aabliihed pendB s - >n l>-. 

S..!,ir.iT TTnJriI ;irk^ arc uriclt Used as territory bound .IT 1C- In the 
Lhrec-spiiicd siieklehutk one c.in experimentally miWc TEe tcrntnrul 
boundary A newly planted row of Elt/dea will be accepted by a 
(■child fish ns it* territorial boundary, even if it reduces the die of 
the original territory. Likewise, j row of bwyde spokes. J to 4 ent 
apart will be accepted 3J. v. terse! T^JSi However. Ihe new border 
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I? cuvty accepted if il borders the krrilorv of a neighbor and when 
i he fuu is ncrt doer than JO cm io the nesi. 

■.,. , . i ■ > , 1 ! ... , .. .111 L',: In ,m ,,-iin.il IT .1 i;rn.ip n uIIli: marked 

Mani mammals place scent mark- by ...Iopi • -ii m;- gland secretions, 
urine. lit e-scremenis at certain places around Lhe rc-rntcn> - . The 
method of marking Jitters from specie' to species. The hamster 
^mCars the -.eerction of its ffnnli glands omo iSe walls of ils den rind 
on clumps of grass and stonc-S in the vicinity of its den Uadgers 
and martens mart objects with a secretion from a eland pocket under 
the base of iJteir Cmile ^Fig. ISy h. Anlelopes place secretion* from, 
their preorbi Ur I glands on bushes and lip- of grasses (il HeJiger 
IW»: F. R. Wall her 1965) The ten roe {EeMnapi Seifairt\ puis saliva 
i,»ti Lhe object io be marked and transfers its body tutor by alter¬ 
nately scratching; itself with a foot and Cheii ruhbing it in ihc saliva 
|Fig. ITOa). The eianL galago ami the Senegal galago {Galago erasi- 
catt&itm and G■ urinate on Sire palms of their hands 

and rdh it into the soles of I heir feeL. When climbing abtHi! they 
leave behind obvious '<cul marts which are also visible as dart 
spots. House mice and rats mark their paths with urine and foUcw 
these trails like Irams Ml a tract (E. Eibl-Eibesfeldt 1950c. 1953c. 
|9frJch These odea trails can also be used by Strange mice and «ui*- 
When one mouse population, which lived in a wooden barracks 
was exchanged with »rt>ihee, the new mice quietly found their way 
about |>v utilising the scent-marked palhs of 1 lie previous owner* 
1 1 Libl-Eibesfcldl l95QeJ. H. J. Telle (1966) poisoned one of lwo 
adjoining ruL populations, each s>r which bud its own marked trails 
that were separated only by some narttyw objects. When he intro¬ 
duced new r,iic in Ihc freed area the newcomer 1 ' used all the avail- 
ribk trails, including those of the adjoining population- They soon 
learned ilint they would be attacked there, however. and thereafter 
they restricted their activities to Ihc area that became available when 
the previous population hud been poisoned. Male rabbi is mart their 
teffitery with chin and anal glands. The dim glastjs in males ore 


Fipsae LBB Tjnii. lutaJj- 
I-.*-! ng |h* *!*>* ol 
|h* e*lSljkC‘ L^ID- 
■JiMO; t. f-ULCOW]. 
Ifikji-l 













BEHAviCm TOWARD SPEC ES MLViiiRi 


311 



f«tmr 9 w 1*1 #mJ 
p\ Qffaci<rr mirtiftjf 
■:■! |h* i i f r^i.-HTps 

l*i* « 

in* head ol 
Ihi iPfidifr 

•giapRi L t of t -itvi- 

I**!.) 


larger th;m in females. .and ihis difference in sue increases uiLh ik 
approach of snual maluril; They are more strongly developed in 
higher-ranking malm Nl with no direct relmhip 10 htdy mk, 
Sunretmses a smaller hut more dominant male can have a larger 
chin gland I ha a a heavier* sexually inactive on i mo I, The secretion 
of thc^c chin gland'' ri robbed t>n tire ground. branches and stones, 
and on females, High-rcint-nOg, animals mark more Erequemly ihan 
low-ranking ones lit. Mykytowytt ISSS). The secretion of the anal 
glands adds ;i particular nil ell to the dang pellets* Those dung pellels 
that ore deposited for the purpose of lerritory markings on especially 
dug up earth mounds have a Stronger cblor ibun those scattered all 
over the ground during Jeedmg. tK- Mylyujwycz EW6|. 

T he scent mark * ate chemical property signs (F. Goethe 1938k 
]ho aid 'lie t cj 11 is'ry owner liro if ,,!l. ,i' 'igri' of recognition 1‘hcy 
lielp in oriu):.niiMi and make the area famdi.ii. A badger than 
becomes agitated or frightened in ;i strange piviiLHiment eon be 
calmed by lei ling il sniff an object that ii hnd marked previously 
(3, EiW-Elbetfeldc |950|- A male hamster Lhol enters i htr territory nf 
;i I’eiii.ile during (be mating season, will mark this strange territory 
before il actually begins lo court- Ei is probable that this disc bus ;i 
repelling function for others. Strange scent marks liutc an aggression- 
releasing elTecl in hamsters, which show threat behavior when smiling 
strange aren't marks (I Eihl-Fibesfctdi 1953} HabbH dung that is 
introduced into I he territory of on established -inimal is highly 
amusing A mule rabbit marls with its chin gland' and defecates 
significantly more than when Mime fresh earth is placed inlo its 
territory. Aroused in such o way male rabbits will also begin tt> 
attack members of them group. buL will slop svitcri they have come 
clofe enough td recognize (hem, El appears as if a rabbit in this 
mood considers everyone a potential intruder tli. MykytuvAL/ l%Cu 
The scent marks of Ihe flying marsupials ( Ptfituriss^ have no repel* 
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liny c[l l'*_ i on slfan^tif but they increase Ihe aggrcssivity of the 
territory awnen while they lower I he uggnuiftl of the strangers (T, 
Schult^e- kVestrum ,i iid B. Brauit 

In addition to scent markings ilicit arc other possibilities to indi¬ 
c ate Icnitonjrpwiicirshi'Pv WSr?Bampfe. it can be advertised by alb 
and eonsp-icWvW, behavior. The male s^a lion calls csinim uously when 
■•'Mini:iin y back and Tori h before its part of the beach Ktif the 
territorial boundary il occasionally climb? Out of the water and ealb 
toward its neighbor, who reacts lit the same way, w iiknui fighting. 
Mate fur ttals. (C^Harhimts itnhitiS) who own territories move toward 
the neighbor, throw themselves on their bellies, and elide toward 
each Other until they bump noses near the ICTrilorial boundary, In 
this, manner they indicate their boundaries without engaging in lights 
(G. A. Bartholomew 195.3), Groups of bowling monkeys {Afouaita 
pattiuttfi mark their territories by howling displays, especially during 
ihe morning hours (C, ft- Carpenter I96S], I he territorial song of 
many songbirdi is well knaura. 

Many animals display themselves conspicuously within I heir ter¬ 
ritory and are frcLjuenilj conspicuously colored. Genii ill displays 
of some pi,mate? cars be interpreted as a visual marking of territory 
tp. mi 

Ownership of territory is frequently a prerequisite for i he bOftif - 
renet of dgsre'-site behavior, Sticklebacks swiro peacefully uijsihcf 
in a swarm without reproductive 0060 rat ion Utiiit they have fauntl a 

,-.i 1 1 ■ hi:* kxadim loi lav L-Mal>lisliitiv>l »•( .1 lerrim.", k' -»>.i -in one 
bsh iuis found a place, its belly turns red; other male* arc attacked 
when they approach too closely. Its readiness 1 o attack is reduced 
the fart tier it gets from its own territory. Th is ean be demonstrated 
easily if twio neighbors are each placed in small gbs-? ebrttainifS. 
They can. then he irtttved about at various distances from each other. 
If male a remains in Its territory and b is placed clow; io> it. it will 
atlempt <0 attack b Ihrough the glass wall, white f> attempts to flee, 
If bulb lire placed into the territory of b, tbqn the L-hange in behavior 
■silt h«r observed! ft attacks and a tries to escape (Kig, ]9l]c 

Mope age revive individuals gem rally conquer more lauxobic 
and larger territories. If ;t territwy-ciwmrtg red grouse (£j^/tiiu| is 
implanted with J pellet of mole sex hormone under its skin, then 
the aggnessivity of the male is increased and it expand* its terriiLwy 
substantially at the expense of ats neighbors (A. Watson IWrfk). 

Siitnflunc* the defended ureas arc quite sm,ili. Many birds that 
hived in colonies n«i just out of ranee of I he peeking, distance of 
their neighbors (Fig. 192y 

Outside of tlicir territory many animals are will ing to atla eli a 
nHispecifie if it onnses Lmi elosv". They arc surrsmnded with a small 
inviolable space (Fig. IW| This '‘individual distance ." which tf 
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where ihe males’ plunuee islhe distinguishing mark. Females whose 
undersides have been artificially dyed red are run perm 1 1 Led as dorse 
jv normal-eoteped tines and ore aiiadted at a larger tliiUnce. ns if 
they were males- 

(ntruSPttiSc /fgftfrmr behavior 

In rival lights j,nd in 1ip.htinp far Lerrikiries wc observe a ttack 
behavior, which i* cscl.i liv ely rele ased by I he appejMi'ce of compe- 
eifnv 1 -ict Mine .tny ph■■ ■, s.--. h;h been made Yin* aggra* 

sice tehd\:iij has bren iFie suKjcci of many discussions :mLl ibere 
arc m any contradictory views. These coiiiradiclii.'Mis are especially 
prone 10 arise in distUttitm of Ehc decree Co which phylogcnelie 
adaptations determine the behavior and cspeciaEIc w helher internal 
drive mechanisms art the cause for a spontaneous aggressive dnve, 
Ini rasped tie lighting behavior has several remarka ?- k lIi a r.icier* 
;'iio ,md in most spec ies easily c an be disti nguis hcd from interspecific 
fightinip bthirio r. An Un^ mlcloK will never uk its hewn* 10 gore 
anoihcr ory.s but lights according to strictly observed rules (Fig. I'M). 
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f hgurr 194 F*sb| tA ! ArM bu K $1 Off' pA-V-Tj Jy;- : r;. iAt lOTJl PCStU'fl 

eiiWikl: ft! its* (I'll d*sh. *+i&« rb# hwm ruuCh i ih* low - 1 rtwd. (c| paria; [dl 
i*ciy>if ihruu, wNch ^jos ro -Mb iMad-w-hud [SrShJigi contesl. [ATiiw f. Wittr# 

El $5*1.1 

It does. btrwevef. stab hints jn this manner iF. H.. Vk'aLlher I95S), A 
giraffe uses its short horns 10 fish* rivals, but ufet its hoofs in 
Jcren.sc against pinJ.atctiA {D. Baekhaus I9bl|. A pje diitin 1 li^h Ls 
di fferentl y with a species member limn with a prey anu ny eiccintr.il 
brain stimulation n could be shown in ^au mat Lhese two types of 
behavior have drift rent neural sobstfales in the brain. From areas 
in the lateral hypnthfttertsiis sti«inbttion evokes eating and prey- 
killing responses. From areas in the ventral and medial hypothalamus 
stimulation tltcib inlratperifte ("'emeUcuval lype”) aggression (B, 
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Kiada l»*7j. lbc*c Ji He rentes heLWeifn inter- and intfuspccilic 
aggrcsskwii must be efopluajicJ. because they u« not always clearly 
feoognixed. Thus R. Ardrcv i traces ihe aggressive- behavior k*l 
mon back, lo the predatory ways of his auilrakipH.liL'cinc ancestor*. 
He overlooks the fact that there i- no necessary epflaectteni bcl^ecn 
agression and predation, After .ill, pljul eaters are no more pe^c-ful 
against their own kind Hulls light no less iaiLeniel*. (hart do rabbits. 
Sparrows. hamsters, or eats. Z. V. fcurn (I960-19bIf also treaLs intra- 
jrisi interspecific aggression as if it were ihe same We do not want 
to assert Hue there are absolutely no eonnectioAS between as|rertknn 
and food getting. but only I hat a predatory * jy of lute dots not 
rmcfwjrily lead to an increase or mlraspeciltc aggression. XV. XX' CL klef 
IlWia) und El. Albrecht (Ktota) h ave shown that i i ahting behavio r 
t an frequently be tleruvd iVurn (ceding behavior I iili that feed on 
algae which they poll fr<>m (be suhslfatum light and threaten oMh 
ihe same behavior patterns. Others, which capture larger prey, 
ihrcaten with movements and poiiures which they assume before 
striking at prey. Furthermore, the reitdtneW to feed and to fight art 
often posi tively eorrelaied; Stimuli that release lighiiui: fieilitaLe 
eating iillo eiuentsL eating increases the readiness to fight The phe¬ 
nomenon oTbCmpctition for IdOd. which ue can also ohseivc in 
ofilmriijls. is fnriKuucd in ihu way. 

trMhis ciimiceiiLin we tan poim out that the manner of r'ighiing 
of a species i' j-vo naturally determined by a number of oilier factors 
which i.i 1 lie in seo e* have little to do with aggressive behavior 

R.Apfe I bach's ( l%7n) investigations on mouth- and subslmlc*- 
breeding cieblids of ihe genus Tit,ipLr re sealed obvious dilTcrcnoes 
«n ihe month lighls. Substrate-breeding Ivsh hold on tightly to each 
olherV lips and engage in pushing-pulling, contests until u winner 
emerges. Myuihbfecdefs never bite each other in thi,-. way; instead 
they butt each Other wlih opened mouths, This mouth bulling tw- 
eontes more and more ritualized av the mouth breeding itself twrornev 
more specialized. Apparently mouthbreeding requires a sensitise 
mouih. which is incompatible wiih the rough ways of push-pull 
fighting (Fig. 3t)V a and h>. 

According to ii wide l■. held opinion aggressive bctiavtm ulimuKly 
aima^nl the dcslrocliun of ihe oppone nt. T httan ea sily be disproved- 
Where one specie* possesses very dangerous weapons such as teeth 
or ulawi. which could easily till an opponent n they were used 
special mhibiiing mechanism* have a-aally en-hc*i ''huh pic sum 
killing Ihe .p.-iiL-. nil.':i i her, orcen I lie Lir,.tc l.Hjl J;.1» bv.omc 
t rjmsl'urnied in IQ a toumiirc iU t R. Lontnz l£4J. I^JaX' Only tartly 
do -.sell•.Milled .mi.I- u*c Ltie.r weapon* agJOLvt a sV'llspeiillk 

I In itut 4 c«H*d K&Hnaa0tlf*f* [comnenf - Finely «*■ fhow)] and wtinv 

10 Use rulrt of 0u*t**fl br ltm»nt| In 4 d|}lrSl» Q. IriujliTCd --ini* 
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without any iikliibiIio>ik. This is due Ibf some tutlcaii., I’lii cample, 
hamsters iCriceittiy which can get awa\ from one another quietly 
after ,t short exchange of hi lev This ability to escape protects rlhe 
pursued, and under n moral conditions erne hamster rarely kills 
aft Other. Why lions in some areas erf 1 Case Africa kill animak belong¬ 
ing to other pndes without inhibit inn |R. Sehenkcl 1966} remains 
to be studies! in more detail. 

A large number of invertebrates fight without doing, damage to- 
f,utfnTfiVr The bcst-simiml TOrmt are tfirTfOtSlTlJimiLLS or Ware 
fiddler crab’. tR. Alltel IW; I. Crane lObb], Enuring low-intensity 
lighting the animals merely bull each other with their large daws, 
which are only slightly Opened, Crane reports that small protuber¬ 
ances on the front side of the claws prevent them front slipping off 
one another. Only viith an increase in the intensity of lighting do the 
crabs hold on with their claw** but here again other morphological 
adaptations ensure that the animats gra'p each O'her in ii pwrijouhir 
way. 

Ritualized tights can be obteryed in many fish. In cichlids 
{Cfchffdac) rivals threaten each other' either 15 one iffy nr by lateral 
displays, in whkh they spread the fins and especially the gill covers 
and gill membrane* t]Fig I9^a-Jl At the same time Ihe combatants 
display a colorful appearance, Before the light begins they may circle 
each other. Then one animal heats its rail against the uthur. and ihe 
slrength of the created pressure wave gives an indication to the other 
as to tbe slTenglh of its opponent I he etch I id ApaioRratww 



196, Fighhng ic«n«rs V.-n AnJtuS’nS JHjtVifv f- A (fl.'l l-Ow.U it<S, 

|J*|- ift'fPf *ft<1 l^ni iWn-'.HiV. ftl 4*eU»9- ihf*p:<«ri.ftS| i^r-uiuj 

JblSjl. tovilii fiM\ l’t iKft lYVlum SewfrlkSj. ICj t.l hui.i! Sy-HTlM IM H6Sd Cll Ihp* 0«»>stf.!. 
(dj ih* Aar? &rrH\M rfi (cater hi on, tai jin- -.--ii. ;«m ufi .a horn cA ilw 

Olhf. jnd ?hs moutfV Ll| rrc.jir, p,j ing, (from W. WiCkJtr 11 ^62Ei|.) 









MKAVIOR TOWARD SPtCltS MEK'rlf R3«? 


specializes in tail healing. Iht i j j| tiL-.ii ,mnS below tlic opponent 
and creoles 4 drug to I hoi the other fish is pu llixl downward [W. 
Wicklef I>9b2bk After an exchange of ml heating most species begin 
mouth pulling ot mouth pushing by piping each utliei ai ihe upper 
of lower mandible. Finally one of lhem give*. up fold*. «x fins, jnj 
swims off. If lhe fish cannot withdraw. then ii a csjrjdnuully attacked 
with ramming thrusts by (he opponent, which ol Lacks without any 
inhibition. The sides anti fins of ihe opponent .ire damaged and a 
is quickly killed. '1 his occurs, however only when ihe lish are kept 
in an aquarium. 

Grunts (Wtffnmfofl) liglit by attempting K) push each olher mouth 
lo ifiisuth from i he it places \ nemont lish iAdtphif/rion pwitiuy also 
hat e Inuntanaenl lights in which, ihej parts ikiMs of the opponent 
with I l ie i r pectoral fins (1 EibL-liibesfddi 19w');i. I%5 >, see also 
Fig. 197). Futlcrfiy fehes [ChaeioAm, Chelmaa, Ilemwrhiu} light by 
heatl butting (P Zompc 1965; ^ee a lso Fig. 19Sf The el mid fish 
Embfamffo efuips ns oppeaent by Ihe heaJ after an 

initial threat display and attempts to retreat into ilS own cave while 
holding on to the oiher. If ih>s succeeds. ihe oth^i w‘j]| give op soofl. 
bee a use il i> c sposed helplessly tsefore I he eu Lronce 1 W. Wkkkr Hhbde k 



figure 196 F^rii.rsij (ms* 
!■**» |Cfrf*T»On riSi-K.t.'rjjS, 

<pht r D. Zoirpe JI 9 6a | ;■ 


Dr poisonous snakes rival mates tight according to striel rules 
w htch differ slightly from species to-species (Ii Thomas IWJl C- E. 
Shaw |9JS| Rattlesnakes (Crafafor mher) wind ibemselves around 
each other's tails and raise the anterior third of Lheir Indies. In (his 
position each tries to hit ihe head of the other w jih |is own (Fig. 199 k. 
This ihev do altemnuly until one of them n so fatigued that il gives 
up. Ip the marine iguanas (Artt^ifrkrndniS rrimmtsi the males tight 
by rushing at each olher after an initial threat display, and hulling 
the tops of iheir heads together, tiach attempts io dislodge ihe other. 
[Tone oflheitt realizes lhat it is huing. it will give up and lay down 
flat on Ihe ground before the victor, who in lurn respects tins sub¬ 
missive gesture of ihe loser- and wails in a ihreai posture until the 
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Other rcinejll? (Flj. JOOh- 111 till' »□> lk males do HOI kill 

their weaker. often you mg er rivals wjih Lb-rir ptfwierfkl reeih and 
jaw-,. ji'i'J the species Joes rtni lose iLs neserve of growing, nudes {1. 
Eibl-Eibcsfeldl 1955 k 

l ighting maks of the lava lizards {Tr-opututui) whip each other 
with their tails ^I-'e£. 201N- In ^pfdai (iKtUntumro damaging. light* 
will occur m these lizards One Tr</f>iihtrtoi mate which hud Ihtvt pari 
of Llv t:n| q?i wine Way utkiJ at lirs-l in vain (o defend itself willi tail 
whipping against its opponent- It s«iiwJ ro he unaware that ii did 
not pr*s£,.s a compklc 1o.il. Finally il successfully defended itself 
viith hiftng 1.1. F,ilsl'Eibe*ftldt I1?6 &l we also Pig, 2d]). Male marine 
iguanas hiie and shake a rival if another animal is ahruprly placed 
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nno Lheir territories. The unwilling inirudet does not h;oe miop|XT- 
lunity in (his case to show the [hreaL -display which inmates ihc usual 
encounters. This seems to be the reason am immediate attack occurs 
]n fence lizards (Loftria afgin) one of Lhe combatant wiJ! pernni 
I he other to gnup ns neck: This (hey do altertulely undl one scenic 
10 realize that the olher is siftHi^ef. This ii can recognize by lhe 
strength of (he grip 0<f iis opponent Sometimes a smaller animal 
will give up vt hen it realizes, while biiitig (he other, ihal ii h^s 
encountered an especially large nppoocol. The Iokt prriWaie* n-wll 
oo ihc ground, (reads, and runs off [G Kiizler 1W)- 

Turleys try lo drive ofT rivals wiih (hrcjiiemfig calls or by jump¬ 
ing al (hem or beating them »ilh lheir legs, which have large ■‘purs 
If one of the opponents stands up to light, a (oomamtnl-like struggle 
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ensues wherein each bird aLtempIs So grasp llie other by (he con¬ 
spicuously colored red neck and head skin, to push or pull ihe Other 
and to press ii to Ihe ground. The strong skin resists this rough 
treatment much heller than. Feathers could, and according to W, M, 
SchleidI (t%4) the significance of Ihe red signal color rs that it draws 
the peeks of the opponent so that the feathers remain undanugml. 
Heiis and vanquished males rfuu shim no red skirt are not engaged 
in lights. Domestic roosters peek and kick each oilier after an iaiii.il 
display. The loser Anally submits. 

Many mammals change I o a damaging light jflcr an initial Ihrcal 
display. Attacking Norway rats erect their hair, hamp (heir hacks, 
gnash then teeth, and approach their opponent broadside {Fig 203). 
They avoid all Midden movements thai could release defensive hating 
and begin to push Lheir opponent from its place, Until this time the 
fighl does not result in damage, and it can end if Ihe threatened 
animal gives up and leaves hy jumping up and away. After this 
beginning rats often box each other with their front paw* white 
landing opposite each other on their hind legs, and they may kick 
with a hind leg. If the opponent fulls down :,md tlic attacker lies on 
top of it. both become rigid and they make threats by gnashing 
their teeth and by squeaking. At fast. Ihe damaging, pari of the flight 
commences, where both animals will bile cadi other and hold on 
(Fijjs. 2(14 and Suit- After a few seconds one of them will give up 
and Hoc (1. EiW-EibeiFcldL 193$. 1963k 

Wolves also bile each other in a light until one becomes submis¬ 
sive either hr behavior identical to the food begging of a poppy or 
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bv rolling iin i Li, hacl and remiiiiiing nElII I lie laHer pustuie 
to he derived from die behavior repertoire of die puppy md may be 
intErpidcd as a ritualised presentation for cleaning of lhe anal region. 
Quite often Che smbsnissive wolf unnitte. Chits releasing actual clean¬ 
ing lay its opponent. Bogs behave similarly <k, Lorenz. 1963a: R 
Sdtefikel 1967> Submissive postures by presentation of the neet 
region was also described by D. Etocfthaui (|-%0) in the iebra and 
bv H. kuimiuir (1968) in the babocni. 

Quite eaiEensively riluaEiacd ^rt tht light s of Itorn- and arni ca 
bearing hoofed animals. Bighorn iliMfi walk toward each cither 
raised up -on their hind lees and beat their heads together from 
above cli Briihin lOSJl- In Nilgau bulb (Roitfapbuf rinfljjpMBWt'fiwj 
F. K. Walther <I9$S| described a rflualLzcd nect light which occurs 
lit addition Lo the usual head-against-head butting (Fig. 206 |l Korn- 
liie Organs have developed repeatedly and ranvrrgenlly in Lhe service 
of inlraspeci lie aggression (V. (Jeisl lhe mulLiplioity of forms 

m horn development within horn-hearing hoofed animals shov^ 



Figure 7M Faring f/*>& el «4i4u* pinto?** IJ» Tw* NUfOu htiUs 
napt*-*™MS dwssg ih+ rt«l light 1h+ vwnMt ifr IHtn -on# sraidw to iIh 

groui-d Thi »«« Uk- lights by UvasU nWfli i*w hrKW. lb) Sn I&MJh'iSsise e^x ih* 

ll^iiMS M* alwkrS d-'r-Jlrd igi-rtl lh« hc*J of 1M OPt»nBrtL- OlW WJJh 

wdkMw*kH»d bwns do the uirt 








BEHAVIOR »Q»hA*D SRitifi Mrva?fi-. 


IJi 


clearly lh?n lhoe organs primarily ruivctron in ihe service imraspc- 
ciflc conflicts and 'hat they arc adapted to Ihe specific >t>lf of 
<gMit| of a specie* IT they were, in Fact. «ta|KMik against 

predators. then nst»l of I hem would probaWv be dancer- or subertike 
and certainly not eoilcd backward as in bighorn sheep. In iho*< 
jnimali that rain their opponents the forehead is provided w,ih 
massive bases for the horns, which are reiriiniscem of ;i nuorcd plate, 
as. For example, in the biilTalo. In ’‘wrestlcr-s" the horns are shaped 
m such a way that they can hook or Fork into each nnher in tome 
way [Kudu and Impalai. “Fencers" beat each others" horns veilti tJu- 
king side, where the middle pari of the horns, u especially subjeet 
to wear. In this case they are then curved and cross ■ t ide c of hcirn 
prevent a sliding off (Capra rfte.v and flippomtgtii nigrr) [E : . K 
W*Jlher |4b«). 

In itweiB with SHJcwjyi-pJouudui" horns !he Hanks j[l- suVcie-J. 
pr even tine sid e attack;,. Th e op pemen t i s only able tu alta ck from th e 
prom. Tnsuch cases the rules of tournament arc ds-icninped by ihc 
scjv structure of the weapons, however. rarely so rhe Thomson's 
ga/elle has no protruding horns: ,i side attack would be easy and. 
indeed, (he rivals sometimes stand so to each other that the observer 
would expect it, In spite of (his. in more than a ihruisjund lights. 
F R Wall her sever *aw a single iljnk attack. The rivals used exclu¬ 
sively frontal attacks, directed against the head, especially Ihe horns 
The rule and regulations of the lighl must be based upon specific 
central nervous iyslem structures in such case*. 

Among the umclopef Wf llfid. besides these ntajl ucd liflHm -E 
ntcthoJy. viihmiseltc. attack-inhibiting postures wliewfej the head 
iy. tauiL-J^ ihe horns herd backward, Or (he animals turn J t2L 
together. In all -cases Ihe born* are inriied From the partner and the 
appeasing annual makes itself appear smaller (F. R. Vk .ihhcr 

In a corttiM table maiiiicJ . we find Ih ai -.ntlfrs wc .-niartmi io ihe 
Atvk of fightini : of their b earers. HefC we alto rind a change in the 
style of lighlme hcs.iuw each year ihe antlers are dropped- AlVff 
the a oilers have been draped and Ihe new- ones are still covered 
with velvet. elk right uiih Iheir hoofs, without attempting !■> light 
with their heads first. 

Antlers and hums consume vtcua i signs of r.rnk in stung -.petty; 
tp. J5Jk 

The Forehead-bul ling, technique: si Lhe horn- and anllcl-be-iriflj 
hoofed - "lrimah'prObably evolved out of bitibg |G- Tentbcttck t^X'li- 
One could suppose that the bile attack became tnhihiivd in uvial 
crteOuntcrs, where ihe animals then lowered (heir head and butted 
together with iheir heads as they were carried forward hv the initial 
momentum of the lbru*t Lliii bypotbe-is i» supported by the ob-wr- 
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vatioii chat hofnlni females atilt perform ‘'tupping movements when 
they bun their hcu-aj^ together, us well a-. by iltt biting-threat potfure 
i>f tilt ip. I92i. Thu- Iwrles-s- fentales hu il their opponents in 1 he 
side- in 50 percent of the cases, something thal horn-bearing males 
anil females never do |F. K. WaLiber 10bI, set aSso Kg. 2t')?}. 


Hpum 20? Httnima 
“•TBit'S — I^e K ig*j 
»s|9ISO*4-!HjI. 1 Hi 50 
SWtTi! el lh» e*4irt *41 
iN r^c*««i ihe 

hlfcirt: el Efi* woJifi^nr. 

rt act iIuk ih* TitM 

bnd ltT*n, el non- 
caa-i-ng- sjK'is 'I'lS'-f 
■di lA-‘=«f F. Wfm»E* 
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I he lourn.msents of marine iguanas uotild alio have evoked m 
ihis way, Howling monkeys defend the territory of their irinip by 
loud Calls. C. R Carpenter <1-942} and C. II. Soiachwiek {19(3} talk 
of actual vocal bailies which prevent a mm re bloody encssumter. In 
man we find -avng Juiil*. For uddiiiortal example* «f Lournjinent 
fights the leader is referred to ft. Oehksn (IW8-). w. M. Schlerdt 
artd M, Sthleidi K Fiedler {ISbdg l> Ohm (1964), 1. EibF 

Eibesfrldt (L9Mhji. and J. Crane i; IS>6(jk- 

In submissive postures, which terminate a, light. fight-releasing 
'igiials ;trf turned away, at was discos-sed in re-TpesI to appeasing 
gfceliiig gtitufei. Th e tlhl opposite ytf th r c.T.TTwh.s Yinr is sh^n by 
mating oneself smaller, the principle of antithesis, which was d«s* 
cussed in detail by C Darwin {Fig. 208}. 
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Fmiwh: 7Q3 FHOpprt til .WUdlWirt <lru:$vi-'f0. Cr ( ItfJ rhfrK poi'j'fl ot th* 

dog. jht potit/ii. iMm*i C. Oarwet j 
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Mjuij livli vutbpM Lh‘. 11 cir.s jmd change llnrif ^iUjranun i; f iturf 
2W). The ciehlid Tilctpkt mortar, fur vsample. ehutities from am- 
spkuous coleffllkm into the juvenile edati. The efiiss-hnrs provide 
(leelkrk camouflage between plains ill, Albrecht lOO*]. Oitu-ra 
tgfanuk h.-hdi:i'j will upped sc unoihcr ;i nim.il A Jug Lhal lies tin 
it* hack am] unruie* rrequenlly nay be licked be the a i lacker a* a 
tnwher would her young. We fcive already pointed out that many 
p. fuiii a Is (nu evarn pli- Ji.ioisLL'r^j appease during fiiurtship kv '•Iniwing 
info mite behavior ip. 12J|. Sometimes the ilmilf presenting ihovv- 
menl ((Kibwnv. p 112) is used as a submissive piviutt, The 
aggression-Jithnbiling behavior pattern* of man will he discussed in 
Chaptes' IS l.p- 4£4), 
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•[jw Mjsttouu of tournament fights indkates hum strung .i selec¬ 
tion pres sure in favor sif jggressise behavim vekb Otherwise 
countered cel km would have hred out ri^gressiw behavior in speck's 
tb aTTarrcSr d.iniage to a conspevific. In stead, the eurnplec 
i iinu- [eehni(|ue^ have evolved in order IcT allow ligniirg toTkeur 
as a spaefng^out mechjni ■in. 
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The ihmmiSC instinct concept of aggression 

■locuust behavior pn human society plays a large mile, 

theft; husc hccil several iiiLciripSs tu understand tin; JeleFflt-irtanl-v fif 
1 1 ns behavior through the study of aggressive bchavimr in animals. 
J . P. JwjII 1 19601 dcirtinslralHl Ihit aggressi ve behavior can b e 
decisively intlueitCSd by cltprricflrt Me wjs able to produce very 
aggressive mate mfce by ertabbng thsrti K» win fight-? repeatedly, and 
he y-ould produce peaceful males by fusing ihcm With F'emiiles ilnd 
by picking them up daily by their rails and: slrnfciiig them genily. 
Aggressive puppies that were iifled off the ground so that ibey lost 
their fooling also became docile. B, Ginsburgh and W. Alice {1942h 
I. P. Sooti and E. E : rcdcj«eson (1951), M- W. Hahn- (|95|j, and J 
Uhrich proved experimentally that success, in fighting mates 

mice -aggressive and that losses dampen Iheir aggressiveness.. 

J. P.. Scott came to the conclusion that aggressive behavior is 
learned- The habit id' ilta-ct is v,W to emerge gradually during ihc 
course of development, when Ihe animals L-NpirrichOriJ pain in ihe 
compel it itm for food and during play lighting. 

From re TKjrfl- r|*nftrnl vajwjieiinr ihe nc^rvncinrs wir*i rme-ti jh qw 1 * 5 , th^r 
aggneiPWrn hja 1 g be luarnKl OoisnuiS bgjihr *3 can g* jiniHilar-ect by rh* 
pa-r- ol An astnek, sus ajjgressipn in the street sens.!; are inpr~ .ok-id al 1 *tk 
tm cob b& p^odueM by i<«wsg iJ. P. Seoi? 1 B60:?a>. 

Z . V. K aq [ |9TJi-LWtl t also is of the ctpinidfl. that aggre ssive bc- 
hayipsLis an acquired hahij. .usd a badone. 

J- LMIard and oilier? j!|9>9l developed Ihe hypot hesis than ag¬ 
gressive behavior is always ihe result of frustration, i’ricvir,i 1 iisr- they 
considered to be any impediment, or extern,!I Influence, w hich inter- 
ruph Striving toward a goal In this view aggression is primarily of 
a reactive -nature and n<A ihe expression of a spontaneous drive. L. 
BerkowiLt (19621 and M F. A. Montagu | l^i) a£T« with this 
hypothesis. which ii also reflected in educational programs. Thus 
i. P. Scott suggests that children br raised in an environment which 
is devoid of all stimuli tliai couid release aggressive behavior through 
j'ni\ir;ii ii>n W, Craig i I92S-J hedds IhaL there is ru> appetitive behavior 
lor lighting; an a rum at merely defends its interests. In short, aggres¬ 
sion is reaciise behavior in hU view. A sunihtrp* fti 1 ion 1 ? taken bv 
P. R,. Marler f 19 571. although he emphasizes that endogenous infln- 
chces Ifor example. BfrTTTIoi t'.-' -aa-iTifi- an ^rinfiainTTT " — 

eoJica. of p^f[|jl Vlimuli , -1 

This txu»«p< of aggression is opposed by Ihe convepliur of 
aggression as a. dynamic ntstinet b? S. F reud and H. Ltiivn-r (see 
abo A Mitschcrlich [I9S7, I9 I S6]). Freud, hsvwcver. postulated a 
my --1 IlliI death wish. a oonccpl from which many modern psycho¬ 
analysts have departed ill- Hartmann ,m-d others L949| K, Lorenz 
IH4J. I%J| recognized, on Ihe other hand, ihe instinctive bask of 
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aggression j* well ax Us iipec its-preserving ftineui.ni Xccordni: to 
his reasoni ng. aggression is ,i irue in stinct w u h- ibowfrW3,-.jffcn(Pr 
ex ei 13 tory~fh>UlI i in I xml Lfie appropriate appetitive twha^wW 1 . I his 
cO nee pi of aggrewion'Ts. scpposed to the earlier dmusseJ hvpntheses 
but has been xupporied by experimental results iGifi animals Therc- 
are strong indications that the dynamic instinct cutteepE of agarc-s- 
sion holds irue for man too, hut we have to admit Etui y'etear 
pr*>f for an inborn aggressive drise in man bat not yet been pfe* 
sen ted. 

A number of investigations hate shown ihat even raix and mice 
that were raised; in isolation allied conspeeiiic* that were intro¬ 
duced into 1 heir cates, and Dtiul they exhibited alt the Speviex-tvpical 
behavior patterns of threat and fighting iE. M. Banks lUfi:, i X 
King and N. L. Gurney W4: I. Eibl-EibefFeldt 1963 1 Mice iliai 
were miscd in isolation by Banks were even mote aggressive than 
those raised with companions. 'vUl-b ihat were raised in isolation hv 
King and Gurney attacked another mouse less rendiEv, perhaps 
because their innate aggressive behavior was initially more suppressed 
by ihe number of new stimuli than was true for anrrnals raised with 
olhers. In contrast. G. A. Hudgens, V H. Denenheri!, and M N 
Harrow r 1963? report that mice who were deprived of the oppor¬ 
tunity to play wlih their litter mates from weaning on were mote 
ready to fight than mice ihat crew up together. The authors pre¬ 
sume that the inice learn during plus to live peaceiulLy toeether. 
Their lighting plays do not lead to injuries because their jaws and 
teeth are not fully developed. According to K. Lagerspeti and S. 
Taki C l$6T) aggressive behavior in the albino mice matures spon¬ 
taneously around day IS- This maturation can be postponed by 
punishing them with painful stimuli and Can be facilitated hy wiih- 
holding food- Experience with other mice in a group is not necessary . 
Genetic control of aggressive behavior was demonstrated by k 
Lagers petz and K. XVerinen [ 1.9651 when I hey exchanged Inters oF 
mother* from aggressive and nOHaggre*9ive ms-use poptilatiort*. Ifcu? 
young from the aggressite line that were raised Ivy the docile mothers 
were clearly more aggressive than, the animals Ihat came from the 
docile strain and were raised by aggressive mother, i ts LagefspOLZ 
19641. J. r. Kruijt ( 19641 raised jungle fowl cocks in ,so|jw.in. and 
they were more aggressive than those raised in i group jiuI they 
exhibited the behavksr paiiernx of threat und lighting XX hen left in 
isojauiun th<v even fought agjinit their owis tails, el eat Is demon¬ 
strating an appetite for fighting, Siamese lighting lish i Beita tpiX'ns/enT} 
raised in isolation attacked CCfiSjWifms or ihcir own mirror image 
vs-iih species-typical behavior patterns (H I awdien IWrfrj. 

Of cour se, var ious ex PCfteiK Tt ™f*h riip r p'~ Mic> have an e ffect 
■on a rirrsH' , fHfss'iE bllpbiVi[”T959: f. XIere 1965t- Rhesus ni■.srvLev 
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that grew tip in ihc exclusive company oC Ihcu kioIIm^ -are later 
more withdrawn as well as i^msirc when placed with playmates 
of (lie Mine 4|<- In general, they adjust readily. Iwwwever. The mon¬ 
keys that were raised in liii* way afe quite norma! with respect to 
all t>1 her behavior tfl.lv. Alexander [in prcss|p. I P Sc ulLIl 1963. 
1964) repeals d-ly pointed out the Imporlanee of early sodeJexperi* 
cnees for Site deselopi nenl oTf uendls hxij] reLjiiv-:is in riLnmn.uk 
Neverthelcii, the kM ihat JttrtBi vr behavior can M to greatly 
Infliieneed lKvus not ptumi ihe yssni-lruio n that il Is wmofeltlv 
learned. 

Lor aggressive behavior to be shown an animal must ^euc rails 
be in iis familiar ictlriwy~gr It'wlirflw latlicrfflill ill&c k tSV Tin¬ 
bergen ]UJI: see also p. 3 13). An am mil trainer w ho enlers the cage 
hrsl and only then allows the lions to enter utilizes ihis knowledge 
In 1 hiv way he is the territory owner and Ihe lions arc inhibited in 
their aggression from the Hid 

We have already discussed those key stimuli that release lighting 
behavior ip. 72). These are often of a simple nature. E-'enee lizard 
males iScetoporm uitditiaius) attack females whose abdominal sides 
have been painted blue, and they isnore males whose abdomens 
were painted grey (G, K, Noble and H- T. Bradley 1933}, 

Similarly unexperienced male sticklebacks. attack Simple decoys 
with red undersides. O Js evident thM flared action ivnt em;. .releasing 
mevharu mi. and r eteasinjPsignJils have evolved jp 'hr "n ,L1 iv j>LI "I 
inlfuipc olk aggressi on' The ntcrai substrate t'cu aggressive he ha 1 , i,ir 
isTainy well known in a number of instances! B. Kauda 1967: I. M. K. 
Delgado 1967: W. R. Hess 1954}, I n their readiness to react ac eres- 
rscly jjiiiuaU ihow it .1 vi i.iik.io lit.: .!ic iK-i iic.cvaii"; re¬ 

lated, mxreipondjju. Iluciuationi oJ the einlmnimju , In verte- 
Ijialcs Ihe male sensual hu /mone plays a decisive role in indiK irtR IB# 
spec ific readiness for aggression ;m the adult animal. as_weU aF ftl 
ihf of the neu ral structures during early ontogen y (A. 

D. Rothhallcr ISWiT). Appetthvc~behavior l or lightin g develops in 
iisokjjci, as sv.iv deinonvij.iicd willi cocks in the experimenii just 
meritioiLesl. T here ary xtr ini j; indi cations, 

mechanisms tnulri-lie :.[j u^ssion 

Its means of electrical brand stimulation It is possible to release 
a true appetitive behavior for lighting in chickens (II. v. Holst and 
U. s. Saint-Pan I I9W), Ihe previously discussed experiments of A. 
R.isa (p. 57.i prose finally Lhat aggression tan he dammed up and 
siiw i ;.11 ■*. lI N. H V.rn;. K It J liia-hinsi'n and It Met aughlin 
£1965} itle.i.viiLjj-ytisaici hs irjffcii'w punishing stimuli in squirrel 
monkeys flic animali katricd a tavk fuirowing a sfiocL when the) 
were rewarded b> being iilUmcd _lo attack a ball for a short 6me . 
In the loiT^f raw we arr ran dealing with qMidiiienm ■urcssi on, 
The experiments demonstrate. lKiv.eser, that by pcevocatBOb i 
































BEHAVIOR TOVV.AA& ivitltS 


3 29 

phys iological Matt is achieved IhaL reauhs in ;in appcihc fur allocking 
which N prokihly omil.ir In ihe ptiyssolusUiil v|,ile roponsihlv fur 
ihe sponijitdous urge Lu fra hi. u ^KfVfd in (he j^.J;iLiJ juncle fowl 
cocks --i iid civhlids mentioned above That c!ii> mscrnal .. r i; "-1 
urge built up by provocation Can be d bib,i reed, Leading In a r<Uue- 
liu Vof teftMcm, war~3 einon^r.iicd in ex pc nrv.c nt? "ffiUT hurain s. J. 
tr H^luuiun and S. Shelter (1961) had tx|^riin;nlcr induce 
anger an sludenl subjects acid as a result Lheir blmxj procure mse. 
One group ofa ngi} Mtbjcdi was I hen gb en a chance to administer 
electric Audi 10 Eliis. experimenter. whenever be made an error in 
hi* task. Another group could inform him of his errors |» flashing 
a lighi. In chose who believed ihey were shucking ihc cypcriniL-nici 
the blood pic- iiiu dropped rapidly while u remained much higher 
in L hc olhiir jjutm p- The possibility fit *dnrifuiicring verbal intuits 
irlio resulted in a discharge [J. El. Hokanson and M Burgess 1962}. 
Tire experiments of S. Fcxhbacli (1961 ) and J. W, fhibaut and J. T. 
Cowles (1952> show iha! aggressive impulses can be discharged. 
However, the relea.se of tension as only of shnrt dural ion. as is the 
case also with other instinctive behavior patterns. In (he long run., 
t he possibility of disch arging agere-oise mipui-.c- o.mo’iu'lIls i ttnxt 
□f (raining for aggression. The amnwl becomes more 
tin; M'lrte way jn aggressive dnitc can airophy when an anim.d d.-e^ 
noi. baviTTirTT ippcirtU r j iT\ 1s> ills charge at for some (ini (IV. fteiliswn* 
berg 1964 J. We ward to emphasize I his poim because «oanctimes 
ihc ctew is expressed thaL a child should hove the opportunity to 
discharge its aggressive impubes so ibat ii will be alt lhc niurc 
peaceful as an adult- This possibility needs to be invesi igaied in 
hitmans directly- There is no evidence available, to rm knowledge, 
of such a tong-lasting cathartic cited Thai aggressive behavior can 
also be rewarding was indicated by the experiments of T. I. Thump- 
son (1963. 19641, His lichimg Adi {Brita fplatdms } .ind fighting 
cocii letifncd a last when (hex were rewarded by ehe presenlalitw 
of silruuli ihai released lighting ;ind ihifeat behavior 

Ill ere are many facts that argue fur ihe dynamic i.-nnncl oonccpl 
of aggression li. E- Davis (I962>. who imctfigated Ihc behavior of 
gangs, pointed out ibal rank and terriiery are Ihe ubjeecs of aggre¬ 
do n and he concludes from his observations cm humans: 

a, wiiSa v**!*!>- a! obwvarmns su$$c*i ihai rght ng ? aa rsi’k #nd temiory has 
iiwaie leaiutes.. .. Thvi conirary so in* ec-nelaBon oP MKive tuiboas, i: s**ms 
ihii Ajju'ej.S'Cm tj twavily dip#si3flfir qn geruiiea. PiotiaWy only IhS nwsns 
ijl tghung and Ihe objects Ol 90 #cS uS'u IMMWC 

111 ft. Ar.lr.-y-^ t buck,. evidence is present*! which supports 
Ihe freudian*Lotreozian instinct eoikvpi of .ie erosion quite clestrly. 
Ksi^Unw to jliuTcoSeepl iv primarily Euscdon philosophical csunic- 
ti ons. Tbps L . Bcrkowtiz (1962:4) wtilti: 
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fHn aside trp'n tin iN»-ctc#l s-gnilicahce Fresia s, riypolfteus has woe ii«- 
pQriam implicaltans fo-i hur*i»n eondLifit. An nsnaiK aggfeSaiYt dfrvti CAfHWI 
be Stblisf-ed KiOBl ielQfms Of IfiU a«*vtBUQn oi hujtrAtKm. conw 

piele piimfii >)l fM‘im wiviinvii nor Ihe lulhllrncnl of every desire will e»T -i jIo 
in«r[>grij5snall nonllicl tnltelf, ac-z!>■-d!rttji to l)M view. Ill IftSSOns Fry SOC'i! 
policy are obvaus: Crvtlii Alien And r«eral OfdOi ultimate*/ iciMSr tiff b^ffd Mpon 
EC-4C, nc-L lovt a-nd chanty 

I'- I his conclusion actually t-i'uupcHirtg? tty are ip a pOSi-lkm (0 
deny ihk. Already i he ffbwfvaiiflFi of animal iwtiailia w 

thal Ihe gregarious forms arc deliniiel;. aide u ■ jit-wral j^c Lheir aggres¬ 
sion. which in rad is a piaqiiisilt far Lhe Jorjiulion of groups 
Ip ^42} Individua] acmijillijncc generally mhj hils aggre ssion The 
lions, si hich - according lo R. Schcnlcd (l%£| show no social inhibi¬ 
tions about tilting other bortS as such. have am absolute i nh i hi I ion 
against hiring their own pride members. This is true for many other 
animals and on Ihe *hide also for man. as thw by the necessity 
fpr fevrbiding Fralcrmraliom vrilh Ihe enemy during; war. When (he 
Pataiiw-a if Lhe id Wcsicrn Semn si 1 11 engaged in headhunting activi¬ 
ties. it was their custom to attack their victims from behind in order 
Co kill (hem. To attack a man from the front io take his head was 
considered murder. Only as king as (he headhunter cannot look his 
victim in Lhe eye eon it be considered prey will* whom there exists 
no personal bond. This bond is at once established, however, w hen 
one man looks the other in the eye. To kill in lhal c-ircumsiance 
w.js considered a crime (O. D_ Tauern 19IS}. 

In other cases ihe l»nJ is established by sharing it meal. In cer¬ 
tain New Guinea headhunting tribes even si rangers can noi ihen he 
killed. 

The inhibitiftni 10 t ill *tt traded They are stranger 

toward member? of lhe individualized group ihan toward rlrangeTS. 
Women nod children, especially small children, are more protected 
than men. Although true reports esiel that children were ktLIcJ in 
wartime, it is described as an outrage, a deviation from the normal. 
Ihe sddng inhibition to kill children is exemplified by (he custom in 
several cultures 4o use a child for Ihe establishment of bonds with 
strangers. I he Massai or fcird Africa often pushed a little child! lo 
ihe fore, hands held open, to heg for sweets. II. Bascdew (190&) 
reports how aborigines in Australia approached F.uropeans in j 
formal manner, with one or tw-o high-ranking men pushing a little 
ehild in front of (hem. their hands on his shoulders. They were sure 
one would nflt harm a child- The --line author relates how in Central 
Australia a woman who was suddenly surprised gripped her breasts 
to spray the intruders with milk Cater asked why. she explained 
dial she did il to show (ha! she was u mother. hoping (lies would 
(lien leave her unharmed. Ihus Hl« existence o| atm utatc killing 
inhibition may he presumed, especially as we Itnd. all over the world. 
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is subjwiivt cwKht wn. I lie emotnm >i pity. In (his seriMr, innate 
3 »id thu s binding noffl u of ethica l behavior 'a-m ui lx proerunimed 

: IIMi.nl 

As art addiliQtiAl Safeg uard [he possible release o f aggres¬ 

sion m j member nf ihe group. arirci-ik and hu m ans posM^s ,-| 
repertoire of behavior pdilcfiss which bulfer aggression CgK'eiiri:’ 
eeremoniH and other appeasement gestures. p. 125 Jl When animals 
fctffiLbiKr crimps. whose member •. van h„, Jenifer ilv^ijkc each 
i'L-il-s i miii jJnjJlv . ilrei develop vign.ik * huh unite therm for 
example, group mints - Im famili-nr odor of (he in hi hi k .i'.-.k-v 
saon ugainsi a member. Man it »Uo equipped with this additional 
capacity lo identify wilh someone o iih whom urn; i- nor personalis 
acquainted. and »* this ofien invoJves abstract i<|«s aeiJ uniting 
symbols, it would tx in the real in of Lhe posable to create svmhvh 
(liai unite all mankind (p 4,5]> 

To control aggression one mu-si pjcimode those Milo tor incehajv 
E sms in naik llt ai .jppeuSc aggrcwjum and ladJitaLe (he foenijiinn nf 
tN'nJs between member* of-i group—an idv;i od' aneed bv S I’rcud 
Freud also considered it hopeless lo atiempi io Abolish ftsarasion, 
but he thought Thai the disruptions of life in human sodelies might 
be overcome by ihe promotion of “tibidiilar forces, by the ncliva- 
tion of all forces thal arc capable of racdilaline. emotion a! tics among 
people, hreud wrote in I931r 

11 tae r«iS-^e»s to nuke- war ,s a cns'ine ?« the rS'icn ai a (fl-iwr tr-w array 
dfiflDfuewm, Ihcn ; Sfleu-rs loft-eal te tal u:wn US Ureal opponent Bros to 
e«rb't. Ev&f'hiAp ihn esidbi s'ies «M<K«n»i i es t>aivrt*n people mast «'■ 

(Qiiiri war, lht» («s eao b* of iw® kmus- rrs*. m* re**hcnsh-p r&wardt 
afovooOiOci. M«i[ihiihag( S9'u*i$04*i. PSytitoanaivsis need note* «h*moe 
re epoek Of I?** lb ih* eomt' 1 . beceMBe rnligHjn JUS Ihfr sente Ld.np rny 

nrsigMiar is Oiyseil Ih^s. is uisy lo rtomariO bill OitC.rull lo (u ill!. 

Thu uitiei kind o( umoiipnal tie it by idoriiiteMian. Evi?*yiMig ihai 
nsta^islTds mewiingful s*m*irm«s MEwsuri paGCto ciiis lortd such Mirw* 
c«i communally pdonuricHlefts. A good pwi ol ma -iinycm** nl fiumjn sodvlws 
is b*s«S on, men (S. Fr*orj 1950. <*f 

Sometimes «ihjcvirnns are rais'd wIiil h eLiim that mail iteeds an 
enemy io dpchaf^c his oggicssive drive, but experiments which 
that aggression can he discharged wiLhout the penforrnance of aggres¬ 
sive acts indicate (hat I his is not 50 tp- K ft is not csen raccss^ri 
1hn,t s-erbal ansulls and similar behavior be engaged in Athlclk 
eompotitmn is jgsi as liclpful as ihe passive slewing of a moiion 
picture. S. Keshbach (I9&I) presents-d artgrx and nonangrY college 
students with cither j Ifi-minuie boxing him or reulral tilm. Fhe 
mgry siudcnts were less angry after viewing t!K boxing film than 
ifler viewing ihe neinr.il »lni Ihvre ••■'■- i.*- sienilitanl diHerenee 
belween (he croups among ihs- ulht angry siudents the film experi- 
mcnl judii/nlci that the viewers cun bcnciii in the sense of o tele-isi- 
of tension bi secinn lilmx mitli Aggressive content, fhi-s needs to be 
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sludicd more and further research «ill undoubted) rn^i ^ddiiionat 
channels for releasing aggftvsion In primitive people customs shar 
serve as -a Mud of safely Valve have been described, It has- been 
reported, ih.ii some Australian tribes come together tit certain I lines 
to instill one another and to He In according to specific rules. Eskimos 
still* rtty-iiy of their disputes by song duels. Addition*! examples of 
these customs are given by P. Bohannmt < IVfrfrji. K. Lorene <l£43;i 
proposes that certain combative sports may he possible safety valves 
for araresskm, 

W 

Another possible uay 10 control aggression icouU he hy radical 
cokinlerconOniorffng FI. McNeil flSWK however. raised Oie question 
as to what degree this kind of training would resull in a loss of 
general initiative. It is most certainly dangerous to conduct educa¬ 
tional experiments before cite characteristic* that arc eorrclrucd with 
aggression are known. We speak of attacking a problem, and there 
are many other indications that a general tendency to explore is 
positively correlated wilh aggression. This needs 1o be studied before 
one thinks of curing man of bis aggression The same applies to 
eugenic attempts to eradicate uggresjion, 

Aggression definitely has positive aspect*, which K. Loren* has 
emphatically pointed out Bloodless competition Ls j» important 
driving force toward cull urn I ■development. I. Kant f 17S4h also rec¬ 
ognised this positive aspect of aggression: 

Without (hew not aasacully iDirtubl* eh?racler.»lics of urvsee^bilicy. Iron 
which fftSiSISOeCi s dPrnted, which each t*n son nuv ncceHOi >V R''CR>.inrrir 
ns his own sinvmj. ait li'enr woj d fwowflr mansm hHtdon m in bubs as m 
Iho arr.m.an Ma «d |«tm s?iihf#i«d in nnmpliH* h-jims nv. sutofoPCtion. and 
inuluJl kmr P.'oplii. doc si as Ihu xhinip which they ic'd, wpi/d irnp.vE no 
y 'Piter v.ilcu EO iriuir lives lhah 'hair dorp.-slca-tid ncvS possess they 
-vou'/T not 1.1 iho empty saacos teh ter inam b>- erajien m lire with their 
purpose a rational crgiiures, fhoreiora wa 0*0 our ^rmnubc re naiura lor 
ih® quarrelsomeness. Iffr |ho i}H|V»Otrt r compounds v*n, | Y . femhe nfivB* MHS- 
li*d desire to PdSjnss or nv*n ho rule, Wuhpiil rh#so .ill 1*1» eapsllervi native 
pocenbai of humanity wiidl*:! slumber erernnllv M*n desires humor-,. fig: 
nergre know? honor wtvjr .5, good ter tus kind: it syiHIS (JiSCOrd Wo wanit 10 
Iw* at nSac and h.sRnv.- noting. ngwever. desires bg $nr him irons nit larnty 
*id unprodueinro cpoivoicclrtosi into wwfc arte tii'dsh*p., sc ih.ti ha may 
*a- 5 n discover means 10 clover^ oirrieaie. ivm-Mil r<om iritrfn. Tfc# natural 
dines Id KCOrephsh Hus *re imsoctebitY *ncl universal fflCpOSiriOii. Irom 
which much umiapiMiess po-tirs. bul wtngti ol5C molwart* to new etlgri? .sn.,1 
henee lo- a luilhcr deveiapmo-ni of natural |>QlervlM)l. Thus th-EV Iwliay, it 
sosms, rlio plan cf a wsu erHiw and nci the h-anif dl an evil spirii wtio 
n- 4 :dd'nd in Iss nsflf#SHC pan Oi spoiled >1 buCauSti OP Ortsv if J f -a ,i l J 9 -BDt 
vet. 8 : 30 k 

However, we mn-l he jw-roe lhat aeercssi o-n cyix i be traine d to he 
e\».esMsc jisJ. Jvsitutiivv. M » lIulI (Jie ru'urjl cujJitctlsjtOTi ttf IrWe 
fad JtLvttcb it. We >hould fu ri fiermore not take the one-sided ’yiei* 
of accepting our aggressive disposiliori as an excuse for reck test 
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oompcliliOti, Tt> j great extent the struggle for life consist! t .|" co¬ 
operation Our aggressive impulse' are counteracted bx our bonding 
impulses and l hey indeed are so strong ihai. for example. In iff itch 
tfarfaff soldiers have to be shifted from time to time in order to 
prevent bonding over I he line* by exchanging cigarettes, Indeed, 
any war pfopajianda ha* apilVcially to build up barrier* a jam si «*n* 
municatbon and bonding. And all efforts aim .il making Lhe members 
of" iheir vn group believe that ilt c inhere are not real human 
beings II is my personal feeling that (hi* capaeii •, of man made 
man more murderous than the invention of armament, Control of 
ajgjettion requires the diligent pursuit of friendk. -sffruisik behavior 
Only then is peaceful competition possi ble If uncontrolled, aggression 
will lead to further murderous strife beiween people*, which will en¬ 
danger our very existence. The understanding of the causal relation- 
ships involved should help u> in the control of our aggressive impulses 


A oriiitijm of the Freudian Lonnaao instinct theory of agfiession 
which is sometimes heard—lhut it is designed to exonerate us. and 
should therefore be receded—is nonsense Whoever argues along 
Ihese lines has nol read carefully what these author* have said. 
Actually there a«j,urpri*ingly numerous midnlerprelations presented 
in the discussion of human aggression. A Flack Iltfc&Sj imputes Lhai 
Lorenz declared aggressivity to he the bask dris e of all life, although 
he never said such a thing. Sociability, readiness to cooperate and 
altruism are as much pun of human nature as man's occasional 
incompatibility. 

One remarlahlc form of aggression which ha* been jink studied 

l it the gApuisioa i c j._i i..''ij. sihkfr js d ; ' »t stranger. btll 

A gainst .i mem ber of iheir own group- T. Sehjetderup-thbc fl^-- 1 
found that chickens attack one member of the group and even kill 
it. if il deviates from Lhe norm, whether it he different because of 
weakness or a physiol handicap- He could release this reaction w hen 
he marked the comb of A chicken with paint of tied rr down into 
another direction. C. kcarten 119351 described how three slightly 
different colored penetun* were continuously allavked by their own 
kind Young herring gulls attacked a sibling Ihat had -i caked cloaca 
lF Goethe”IHumans also tend to expel group members v, lu* 
deviate from the mum IK Scblosser iy52u-c: In a milder them this 
behavior can be seen in school classe-s of in the military bomeufie 
who is fat CKHKVfd. or has some other deviant habit >* ie;«*vd. 
laughed at, or even mistreated, TbtsaUjre ssion jpunatdr'V f fJ - ul iP 
member s- u ndoubtedly resul t* in gteas^ yjJitLilhi m st i^^ uy, w htch unde/ 
cite archaic conditions of til c in * cry small group' may be of selective 
vaLue. In man a mild rorm of this expulsion read ton. leasing, can be 
considered as a kind of educational devise is’’ bring the outsider into 
line, in that deviating 'aaoctar habits are suppressed. Where ihi* 
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is- new possible, a more radical expulsion reaction max resuli In ilicse 
instances aggression lends Jo be metre cruel and stron ger iharTwEcn 
ii k'directed Jgamsr enemies who .ire tcv. wulL known individually. 
Ibis is perhaps because in addition to everything, else. I hose oom- 
niitsi eharsteiensik'S ibal unite the group <nlh the outsider must also 
be destroyed- This norm-preserving function of the expulsion reaction 
is today not advantageous in human society, “outsiders'’ are fre¬ 
quently highly i.iknled and valuable persons. Here a phx logcrmriv 
behavioral adaptation proves (o be a bisloric burden, a handicap 
comparable 10 Ihe appendix, We need by the use of insight to curb 
oui intolerant impulses. 


Living in group's, (control behavior) 

The selective advantages of living in groups 

Most animals —bm by _no- means all of them—oprp* uipilury jo 
ftfllt tempura nix with anolher species member for the pat p u ajTol^- 
maling. This is -apparently iTie hen method Lo ensure fe rtilizati on 
and an exchange of generic codes Oft which further mcJidion u 
based Venture also on me together for other reasons |y form pernu- 
neni nr temporary groups, Alpine salamanders t SiikMStirtdra aim) 
gal her in The fall in cavil ies under rocks and sleep there during the 
winter. laud iso pods, which ate normally soli i ary. bunch up into 
halk during dryness and thus proieei ihemsclvcs a Earn*! e m.■■>■■ isc 
loss of moisture |W r , C AI lee 1926 K. Some species of harvestmen in 
Mexico gather in tight clump', during the dry period m favorable 
locations and so prevent dessicaiion. Such art aggregation of han gst- 
men iLeiabumun cactw»m\ was discovered by If O. Wagner <193^1 
in i he lowest fork of Ibe branches of Che candelabra cad us (Fig. 

21 Ok He estimated that approximate 70.G0D animals had gathered 
there. The tegs of these ammals were folded ewer Iheir backs and 
pointing outward, giving ihe mass the appearance of a piece of for. 
Like a pelt it retained the moisture give a oil' by (he eatius. A 
pheromone which is secreted front a pair of glands ;ii ihc edge of 
the bead and thoracic segment all rads additional species members. 
Animals thai were forcibly removed attempted to reach the ;iggrcg;i. 
tton from as far as 30 meters away. Here Che aggregation is a pn> 
loetion against climatic conditions (see also p. 272k The animals are 
not only atiracte'd by a favorable hvaiion but also by each mlief 
and coordinate their behavior to a certain extent. 

For protection against predators many ftkh JTtd birds jail led in 
s wqrnys ar Hodt* . Luge mini mala living, in savannah. which affo rds 
ildc prt'tecLion g.Ltliei in Lcr.k I'hCM' protective .iggregaiioik can 
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he .1.1.-: I mj&raWfy tw iiih iml swarms of young li:di, 

or ih^y cjii Lu- lifckui". its with herrine swarms. In iislh swarms [he 
individual is pftniMcteJ by the confusion clFect ip. 2£9|. Birds of a 
breed ine colony actively assisl each other in mutual protection in 
(he Same way js member* of families or herds, when liny ;tre 
threatened by a predator RhrMft monkeys will even attack ihcir 
keciper when he etiH’hes ail animal from the ^.ronp and it utters die 
alarm call. Jackdaw’s attack anyone who holds a conspeeific in bis 
hand, including the caretaker, when he is holding a tame jackdaw 
i K Lore hid !IM3|. The reaction is released whenever something Wads 
is dangling. even a black pair of swimming trunks IVxrpoises aid 
wounded species members and raise them to ihe surface so ilut 
they can breathe. They didt females giving birch, and ihu-s protect 
them against sharks t/. B Siehenaler and [5 K Caldwell Ltn5d: see 


figure 211. c#w 
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also big ill), Various pre dators form hum mg pack* . JiicklisliM 

ifWi'jrj.t) circle shd,mi». l>r fN'. fp_ ZBV), WotvCS fUll JovTlt a. 11 : 11 ; in 
packs: sonic pas* an in leaded victim and try to cul il Dif. while (he 
el her pack members chase it (A. Marie 1944). Capc’huntinje dogs 
( J .ccootj pkitu l hum their prey in groups,. Ai ftrsi each tiuriling dog 
chases the gazelle nearest it. hut contiriutlly watches lhe other pact 
membcis. If they observe t3i.it .nn.Hh.er is coining on a gazelle more 
lhan tl is, it will come to the aid or its fellow {W, Kobcne 1965), 

Family groups are often formed to care for young j>, If 
only the father rears the coiing. peiLun.il families result, as m 
sticklebacks, pipefishes. sea hones, labyrinlh lishe*. and some birds, 
stith as phalaropes ( Phatarepus} and quail iTuraias) (A. Remane 
i960; M, Tinbergen 1951; E>. Morns I95J; K. Fiedler 1954k In 
maternal fa milttt the femtks alone take cafe of the young- This is 
i me in many cichlids | / ri’.j i j nwcfurluri and other mouth breeders, 
wotfspiders, recces, hummingbirds. and many mammals (polar bear, 
hamster, squirrels) to gist Only a few examples. Parental families in 
which mil Its and female* care for the young are gibbons ( Uylohmet). 
crested bull-faced la mar in ((Wr^vr betas). songbirds, and many ridi- 
lids {ttnnkhroniis). In such inil-artCeS there is a certain division of 
labor in thin lhc male usually wider likes the defense of territory, 
jiid sometimes even carries the young, as in Qtdlfxmidas (II. Wendt 
1964), This is usually done by females, which in mammals also lake 
care of the feeding and cleaning, but male wolves and fonts also 
bring food. In many birds both parents usually incubate and feed. 

Frequently one male protects several females a nd, vtwna. for 
Itl'lwc in lion t Irt I he CTOtlgn fifhlid \Lfii»prn}ogui <ysn$aifaifx\ 
e;t<h male hjisa large territory with several hiding places into which 
il entices females, one after another, Each of these females has her 
own suNerritory and defends il against ktfhers. first, each newly 
acquired female is attacked by nIL Ibe others, but because (he male 
sides with hef she evenlually obtains one purl of the territory. In 

Mies way an upper haul to tile size l>JT he mole's harem is established 
because he can help out against only a certain maximum number 
of females |VV. WickJcr I9f>5d). 

T he division of la b or becomes possible only whm .sniiEuU ro me 
Lugeiher. In uised slates this division of labor has reached its ulii- 
mate form: we are reminded ui the tarmus cusies in termites. which 
in addition to sexual animats contain workers and soldiers with 
highly spCciiilUtd i«i*kv be come species <if tbs l,i pi i ly TijrmitiJuc 
tbe .imeriof portion of the heads of soldiers has been elongated into 
a long proboscis. 1 ram the tip of this nose Lhe "nasLitr secrete a 
sticks and perhaps poisonous substance which thee use for dcfcflrse. 
Their mandibles have retrogressed to such a degree lhat they e.in 
no kinder feed without lhe aid of others., they have to be fed In 











BEmAviQH TOWAHD SPECifS MEMBERS 337 

Itic iiopi^l :»mi Oyhht)pii\ one caiic pmiLeeR itiii- l ntr.i jlll ■■ t hum 
k\uk H(? flattened Jrtd Mwy ihmw a he .id pn.itrusjcm that is colored 
like ihe talk of [he ptam jnlo whkli [he 1 ! Jig iheir lunnels. By 
plying Itair heads imo the openings to tltis tunnel thev van effco- 
lively close them. If a worker am wants Lo leave or return to die 
nest, the subrJ must be notified by special signals {A. Forel, cited 
by K, Eirhericb (1W6); see also Figs. H2 and 213}. The various 
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castes cif I he leaf-cutling ants each tiav^ specific tasks to perform 
(p. 2v2 and Fig. 3l4|. 

In worker* of the honeybee lhe activities Jilies at various ages. 
1-V-t.im Jays ] Co 10 after hatching a bee cleans Ihe hive- ft cleans the 
veils ,-iritl keeps rlw brood l-cIIs warm. After several da%* Lhey develop 
nurse glands and the bees take care of the larvae, Toward the end 
of this fin,! stage of iis life the bee onderialtos ihon exploratory 
flight* okiHide the hive. In the second stage (10 to 20 days of tile) 
ihe nurse glands regress and the wan glands develop strongly. The 
bee is now a building bee and receives neclar From other workers 
and stores it in the storage cells and also ctvaus ihe hive. Toward 
Lhe end of the MCOOd stage tome of ihesc bees are guards near Lhe 
entrance- From day 20 until death a hw is active as a pollen 
and neeiar collector. These dates, which were deiermined fee Q. A. 
Koveh l' 1930k. are accurate on the average. The thorough investiga¬ 
tions of M. Lindauer (IdSlj shew, however, that most of the activi¬ 
ties above are not as strictly separated in Ihe sequence; there is 
considerable overlap between them, and nurse and was glands are 
often sinsulianeously functional in one fees-. Gnlx the transliion io 
F uraging is fairly -dose to day 21. 

'Ihv cables uf mans animals have their parallels in the physical 
eonsiiiotiens of man up to a certain point, r. SeN'&ideiJ'ty TfWOj, 
among others. h.is pointed out that in humans there exist inherited 
body Forms which ninsl be considered to be adaptations 1o (he envi- 
ronmenl, Herdsmen and wanror-herdsmen arc long-legged and tall; 
pliintef types are more stwky and fttorvlegged- ft is iwftvcabltr that 
in sedentary, city-building. peoples several consiiiutinnal types occur 
simultaneously and that preferences For various jobs seem to fee cor¬ 
related with certain constitutional types (examples can be Found in 
SchwidetiEky), Perhaps ihis ralhcr conspicuous polymorphism is of 
selective advantage by providing a kind of predestined suitability fur 
diversity of job*. A ddition al advantages oF living in gtvups spe¬ 
cially higher vertebrates, .nr Ibe possibility thai expcrieiiLes acid 
insert I tops of individual* s.m he p,is-.vd on to oilier mepibcrsTThcy 
can then Spread faster than if transmission from one generation in 
the ne*l were the only available means (Japanese macaques,, p 222), 

When living together partners ir fluenoe one another in various 
ways. The swejjl facilitation of moods, for example, results in exet- 
sumption of more food, in chteLeos tlt.it are kept in a I lock than if 
they are kept singly, Ihe same hdds for rats, (ish, and many other 
animals as well fj, C, Welly 19J4; H F- Hlflcw |dJ2), We have 
already tuned that the pre'ense of a male can stimulate the Jevel- 
HipmeOt of a lie gonads in females ip.ircrie’r el leu. p. 511. CocfcitmCfies 
tSiatftta nivuuMnm grow belter in groups than alone. The effect is 
IfairvmiHed via the sense organs urv the antennae, because animals 
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hi these have been iiinp’uUlfd grow likv fcept in i^ola- 

lion, 3 ra addition. Lh<fc c&i*i» a nuirim^nal dlcct. because the 
addition of pulverized fece ia the food of ivil.n-nJ animats resutu 
iniiiiills in a higher growth rale and. w n it high concern ration-v in 
an inhibition of growth lit- Chauvin I’>52k House mios !«iti,iks 
show j regular e*Lrou* cycle when oef<A)(Eih of familiar males are 
present The odor of si ranee males, on she other hand, result* an 
resorption s>f embryos Of prermiiare birth (H. M Bruce 19611, One 
result of population density Ls reduced lertaliiy: for nt*i;iT*cif, dinner 
bceiles [frjWfpm cOi^pijr^r) eat [heir eggs when I he population 
density is Wo high- 

In mamnLjt* cn L-rpupeLiLi^n results m a kuaJ .it ou-ss which 
eveithnlh trad* to a population crash long bedwe ihcrc i> .i ii>od 
slitina jtL Fivuncen miles from t'ambridee. Maryland. is an island 
of 2S0 acres (lames liland) where, in 1916,. 4 or 5 Saka deer {CW™ 
hipp^nt were released. In 1435 there were .100 healths animals, In 
195S about half of them died, all hough the food supply was ade¬ 
quate. and the population eonlinucd 10 decrease Is* SO animals 
dnrmg the following year*. The animats ihat were siudied during the 
seals of the decline showed histological changes in Ihe adrenal 
glands which indicated Ihat the stress caused by the overpopulation 
led to the decline (J, J. Christian I9J9, |963ju 

In the tree shrew (Tupa/a helaaptfi | density-dependent ■■-fre" 
ssroploru* h-ave been oiadied an derail ill. Autrum ansi O, s'. Hold 
|4fiS, (J, v. Hohi 1969 |l Stress causes a delay i it ihe development 
of the young and numerous changes in ihe behavior and physiology 
of ihe adult. Females under sire-.s pud ace less milk or none ,il all 
Ihe sternal aland cerises i^cneiipfl and the females therefore cannot 
mark their young dfattorly as usual, Without this protection the 
young gel eaten bv Lhe cage mates or e'en by theit mother. I rider 
Mftvng stress females do nol reproduce -m* more and they 'hOw 
masculine behavior, by mounting cage mates. In young rt»iks die 
d mftmts ifsticitiwMi ts delayed- and under eslreme *tfc** iIil- testes, 
even of older males, recede into the body cavity. Sue™ is mainly 
win M used bv aietrMivc imtR|{1i«is Tnis leads m uo 

activation of the sympathetic nePWf syslein inti the adrenal chord. 
Tree shrew-* under 'tress dull the hairs of iheir ijili C'*ni.picu*iu*.ly. 
The Lime of mil-hair tluflsne. espres^d as a percentage or the total 
daily activity Lime, give* «' .1 mean* to deline the degree or sire™ 
The interdependence of t.til-hair llufling and other change* from 
crowding can be seen in Fig, 213- 

If a group of rats is kepi in a limited space with adequate IaxhI 
supplies, their number will increase up to a certain point, and then 
Ihey develop abnormal behavior, They no longer care properly lor 
iheir younu and do not build adequate nc'ts! as a re'tilE the death 
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i:llc among you ns intKJifl to a level that no additions! iei- 
(ffiu occurs m ihe populalion. although ilte'>j , ciicaltv there would 
hue been more space available for (hem. The animals eoiirinuousk 
ditnipt each other's activities. (J. B. Calhoun I962E tn held mice 
K, Frank (]953^ found similar conditions The animals increase in 
number vihen ihe food supply is adequate until the optimal density 
has been passed As .1 result Of continuous conflict with oinspetitics 
vari ous disturb an ces ck ^ur, iireiu~Xi ivc; " '>o .sT ait eiVdocfS'ne nature, 
•lOnclT" eventually result in d.-.vUi o| the animals f aJer unfavorable 
sociir conditions Ihc emBryos of the vn|J rabbit are reabsorbed. 


and more sc in tow- than hi oh-rank nisi animals (ft. Mv k.v lowicz 1960 i. 
Lemmings, on the other hand, reproduce wtLhhsnt inhibition during 
summers in w hich the food siapplv is aiop!?. They are finally forced 
mio mass migrations, which for most of iIil- animals ends in e-itas- 
Iropbe, Here there is no mechanism of iimiiinc hi re in jp.sst 


i nuance*, howeve r, adaptations in she wdal beha vior have K'en 
lound vsh;tl! -vrve ■■• prevent o' erpopukv un .-!''... enen . r-..M A t 
\\THru: F lI'.\ i i d-, 19f-'i Tlii-, is one of i he functions of territorial 


behavior . In Scotland defeated willow grouse males i Lu*(>fmt higttpiii 
Haiktu) survive for a lime hidden in the territories of the victors. 
However, they hardly obtain enough food and usually die in the 
latter months of winter, If death of 3 territory owner opens up a 


territory one of these animals van take m and survive. On the 


av crage about 60 percent of the mate offspring die as a result of 
this social mechanism. They are the tribute which Ihe species pays 
for the preservation of ils kind Catastrophic population crashes arc 
prevented (1). Jenkins and other' 19&7: A. IVauoii I96M. Injamc 
it uitn iLals. il-.cv._- mechanisms, which would lead i.- • denvity• 

Jcpend rni redu ction in ihe rate o f inc rease and prevent .i 
brcjVJ ow r, of ihc- wvul lysivirij J' 1 not function adequacy this 
mwl hkels also -ipplle-' tv man. as El. Antrum tI96fo. P. T Hall 
11966 k and T Schultfe-Wcsifum 119671 emphasis'¬ 
ll is ns; tr.-a oj-'iflo* ot nuD;sr e-_" ;m oir g y o'* i c^ivd:-.- o* in* s.ip- 
gor; ng ars aydcr.jiT-fs.;'. n.j j;;.j tl'ciVv *5 •' .: **1JH C _ - : aul.v: on 

.vPrFrb'fij-'flv? ou r H. AatO.-S' 196® 


We discussed in ihis chapter a number of behavior patLtrrn-. [hat 
are of adi antuee to the croup but not to the ir-do nlu.it. I he jackdaw 
that attacks an enemy it endangered, and superficially seen it might 
appear is if art animal lhat does nut behave so altruistically would 
have a hc-iici chance to pass oft its hereditary material- W. 'ft icklcr 
(1967V} has discussed the phvhntema ks ui ailiajilK i ndiuiviiaj in area* 
detail, and has shown that il is possible to discuss it in terms o f a 
Darwinistic pdlnt nf-T-rirff. The r.Jvi jli.il v yrnnnu- prevails, in a 
pOfUUiii&fl means rhati TTltearc r duribuLc* it belief within a popu- 
lailon than 3 ceiBpHf ji; wnl. h I-. .-_ou i.-rj.-ivi c■har.niciivtiL-s. Ev en if 
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ECOLOGY A\D BFhAviOR 


1 he carrier of A cert ain eenOIVpc of paren tal caw and cfolciksc of 
sibling shi.f u ld - dfe„ ' iiit population Lrt uhfch Utii ill irii isiit behavior 
in contained survives better tJian cut m wh>cli i .kiugrlhe 
:ndrvi*Ju:i] ibi r egularly kill* ftrOup members of its species, certainly 
pftvjlts Tfuklly; ViwWr. C orn pared with a population wi th ir hibi- 
lions Co kill Ihe forinc! is clearly ac a diiadvJcil.i'v If orc bird 
would throw its siblings out of the nest ir would survive alone. 
However^ if it mu La Lion would occur so that a hind would mu eject 
its fiCSL malt?, ihe female would raise correspondingly more young, 
-md Lhe population with an “altruistic 1 ' inhibition to throw oul siblings 
■■-■ -nIJ p.ici.iil. I i ■ ■ i:i -iii.il Ji' been said it is •■li.-.ar lli.il r;11l.iln■ qx 
for altruistic behavior can best prevail in closed groups tuefa At 
f.mtilic-. or flan* ft decided advantage for the fonualioji of cloud 
groups. 


Mechanisms of group cohesion 

Socially indifferenl specks sometimes form a gg reg ations w hen th ey 
■ire brought logetlier by a common goal inch as a favorable roostin| 
place for the nigln. not until they me wici allv a iiractcJ by 

iitlier species member? can they be said to ta-insiitm t a true assoc ia- 
■ion. hi general, it as enough that they possess one siioml that 
attracts the partner, such as an odor. song, or a vis.ua! releasor. Sueh 
simple signals keep the fish swarm together fp. 711. bring hanesl- 
men 1o a gathering place |p. 3.341. or attract the sesuil partner 
(p. 136iuo retail only a few examples. 

If I he Spetirt am not ■es pecially ng^tessive hy nat ure, no furth er 
. idc esisLv Iv eouiing Lo ge^ er. Il u diilerent with aggressive 
animals, but even they have evolved ways to fvfiri groups, i na can 
come about, for eisanipk. In a periodic suppressio n of ae gressn-e 
impulses. En the sprung the thrcv-spined stickleback mcrvft peacefully 
■n a 'vs a mi io die shallow breeding grounds. There it establishes a 
territory and only t hen assumes seroal actors and becomes pugnacious. 
In othe r species the agressrv vn ess may he r estricted to a specific 
ca tegory pt' eoiupctilWs. .Male fence iturds {Settopartis Jr.'iLj'jra'rjeJrJ> 
attack only males of lim.-ir own species, whkh I hey rerogni/e hy the 
hi ise stripes on their Hanks (p. 72). The females lack this inciting 
signal, they nre tolerated unless one painlv blue si ripe* on their sides. 
Many voting animals are especially prolvcLed by Ini by character" 
is(h 5>. hut ihts is not always w, If one banister (Cnrnftu oinnu) 
meets iinoihcr lit its territory, they will attack tacit oilier tegardlcss 
of s*a. Only when a female is in olrous wilt it temporarily tolerate 
a male. What then inhibits her aggression in this ease? The bouse 
minin' (Was inuiru-Jir,| wliich lives in chins, attacks am mouse that 
docs not Iseknig to iis group which may have strayed into ihe ter- 
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nlor, Wiihin the group. hmrtw, *tiey m( along mv well, They 
clean one ;i pother nnd do ruM even compete for I he favor „<i an 
eviftHii liinaJc. Why ilicn doe* not .iggrcvsfon break ihrough within 
Ihe group? Graybg geese ,md herring gulfs allow ecm tacts he their 
Mlttt *nd young, feu strange young or adult* nv iiucled |N, I in- 
bergen W3l. A tea lion female Icilics core of bet mu voting: Ihe 
earn* i* tn»e for the donierohe-ued sheepor the mountain sheep 
itrtfs mwimtHt) (B. Tse-hamz ). 

in Lhe_Jas[-quo[<:d cases aggression of die r'emale is a|w;iw 
i nhifiifeJ by ind ividual acquaintanceship with the young This clove 
bond is esLablishrd immediately after birth or hatch me of the young, 
anet'dnrhig ibi* tinte it «s postage to have strange vnune adopted. 
LalfrllTif is periiUt only rarely (H. Bhur«{ I9f4. p. H. Ktopfcr. 
and ) Gamble l%6: W. Leuthold 19€7k The bond of individual 
acunainiartWhi-P ulkti unite* sibling* . This can also he oiah|j$hbT 
artificially between members of diTcfent ;pcdn, I raised polecats 
wilh young rats. Both species £>t>1 along well until the rats died a 
natural death when Lhey were 2 years old. They cleaned one another 
and engaged in play fighting. If the polecats became too rough. tin; 
r;iis squeeked and ibiv inhibited further attacks 

Strange rais, which were later introduced to the (toltcait, were 
snifl'cd thoroughly, and were nol harmed. The deciding factor per¬ 
mitting this peaceful wbahitatnin between rats and polecats was 
probably the possession of similar bonding and ag eressioo-inhibiting 
luechanisms so that rhev "undersnsod” eiteh other's expressive 
behavior. Polecats squeek when a conipecific nips them, and rats 
do likew ise:, and in both species farther aggression is inhibited in 
this way Boib specks understood grooming as a friendly gesture. 
Vi he ii animals know one anoiher individually. the aggression dial is 
released by i he partner frequently becomes redirected against other 
obj ects and this may even gel transformed m|i,> ;.i group' uniting 
titual (k Lorenz I96ia: see also p 129}. 

kViihin such j group aegressura i s oft en neutralized bj the ed-ab- 
jish nicnt of a ra nk order. This pr.,-writs ■.■'atinuoui wy|tlisl_,wiih 
naeinKfrs ihe. group. km ..mil rher*- is a f lkmptL,.:i uf lLus Older 
can one observ e at l lines in ten mu: breaks of aggression within a 

previously narmomou s group. This also hs'kls. as revofaiimu Leach 
us. for human lodS&Tf, Scwt repeatedly stated Hut "sevial 
disorganisation'" is Ihe cause of aggressive heh.it ior. This statement 
should be flfinde more prpcisL- hy saying then s ocial divu t ler rL-1-.^is.-s 
apfjfraion ^jrsieisi inrialsTt of the group- O n lh L - other b irfal w e 
know that the a roup con^c muoie-s oi a u vti • i cgj uued jjujliPj- t^pe- 
qjllv increases aggres siveness against slnugen (H, IX Setkmidi l%d|. 
If ... Liu.ip c rcsus iT-u- a *,irger .Ts.v i. =e .I-.n nidu idu-d 

r iTtsipn jliLsr. .a jI Liml. .:i •■ i. : .• I- e-. i ji.IsTMc. llisn ills 01*400 
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^ numbers fi he I';in" 1 1 1 .■ n ioiUvi.. i> how eh; a Hour hv other ntcMiiss. 
FtatJ an4 nutr mrli (fdl other with pdgn (jp. $ 10 t. and they fftOJ- 
■kLze group members by this tsdor. Tf a rat k removed only for a 
few days from the group. it Iwms the group odor and H will be 
attacked hv .ill former group members (E. Libl-Libcsfeldt 1950c), 
Symbol identification in man is diidined later (sec p 45 1 

In a dditio n Co such ones tut rt*e*g*kkm ichidi tic iygcliiLi 
aggressive animals ctioL live in grou ps, the y posses.?, a number of 
appesseflne n l ceremonies which serve as bailers ajtainsl aggression. 
We discussed (hew behavior patterns in Chapter tf and refer her? 
unly Lo the greeting ceremonies of the flightless fiCHTHidfani, whose 
appeasing fund ion has also been experimentally supported ip- 126 ]l 

In the parrot Agapvrnn pmonatfi a brief interlocking of beaks 
is used as a gesture of appeasement, in greeting, it> sflrchglhen the 
bond, when danger threatens, and as an expression of tenderness. 
Similarities with preening and feeding suggesl possible origins of 
this pattern. The question remains open nni.il we tmru mure about 
related species (K. A. Stamm I960. 1962). The appeasenren; erstme^ 
d p not tn them selves keep Ihe group together. buj_they enable 
animals to femain~i3^flber in pumps. 

Display behavior patterns in is hie h the weapo n is turne d away 
have an appeasing. function tp. 123) and so do a number of be- 
l"a■■ ior [i.<::-jin . ! young animals, such ,i> begging, movements and 
other ■ nftmiil j gp fls. ip. I22>. especially behavior patterns of care for 

touiie. ritualized feeding ip" 122 £ 'simiaL J £Eg©3tlug“{p ”9T). whicl 

appeure as well as establish ties because they ure rewarding. The 
significance of sexual behavior patterns as appeasement gestures have 
been discussed in more detail by W. Wickler (I9&5e, l%7:i.b) (p. 132}. 
The equivalent group-uniting medianisms in man will be discussed 
later tp. 425). 

E rr pranas wt]i«a; members know- ench other iadi'.idually, the 
highcsi ranking animal often h-s an important groiip-uniling fume- 
Lion tp. 35If Sea lion both settle disputes between female* with 
special appeasement ceremonies (p. 106k In s ome animals ihe young 
inadvertantly promote the cobesitecicss odPOie group, as in lemurs 
I PrppUhtrm Trrretiuxt and ricnsiur caUa). where the aUracLLutiInward 
ihe young keeps Ihe adults together When an infant is born in a 
group of Propitkecur < the adults groom each other four limes as 
much as they normally would. They discharge the activated brood- 
cate behavior r»l social grooming on adult group members (A. 
Jolly 1966). 

A ll g itiHiptti animals display an obvious desire for contact. 
Sena r uled from their group and kept forcibly in irolalicm they do 
not do well . A fish that has been separated trinei ils group swims 
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buck -and forth rapidly and seek' contact with the group. tirci 'jjwus 
mammals apalklic '■'■hell Ihcy are Urn atone; ilfcTTLTci 

tram M^HoInpIcl |m5si. In Higher iinknial« 

crou p m c}TiF? rs'aHc ciipt lo hring back Into ihe group Il:n>4- riienYhets 
which jre in danger 5T becoming separated from ihe group. Tki-- 
has been observed by K UftlH fl^T) in jackdaws. In ISr.! 1 ? j large 
flock of migrating cicwv and jackdaws M-ctlcd nc»F bo* cotonv of 
Lame jackdaws, The young birds of 4hat and rhe previous scar had 
mingled wiLh ’he strangers and ihe pOMibilhy existed (hoy would 
be carried away In die exciUneHl when die ilivlc tuni wing 10 
sii-gratf—whkh is a powerful flight-releasing stimulus. Thi- undoubt¬ 
edly would have taken place h.id not two old and experienced males 
of the Lame colony brought ihe yOungslers back individual 1%. They 
flew from (he house 10 ihe meadow into the flock, searched uul the 
young of iheir flock, and called diem nw.av front ihe strait go ihvk 
by flying, closely above them from behind wilh their tails spread 
and caving Ihe flight-call rw.Ce, In this way ihey reCtimud all hot 
two of ihe young during the coo fit of l hours-. 

In ciehlidi the cohesion of the family is achieved by the following 
reaction of the young as well as by the brood-ore behavior of ilic 
parents. The mother lends rhe young as soon as they are free 
swimming., and totes into her mouth those who swim Coo far away 
from ihe swarm and spits them back among Lhc others (L. kuenzer 
a ltd P. Kuenzer I;9b2l. 

In spite of this desire to be with others an andiuJual imm.il 
jUv itTflad CkIkJiIS cont act. This can be seen in many social birds. 
Starling (SJurviiu vutgarfsl have grcai acrracLiou tor each other 
ihev form large flocks outside the reproductive season—but they 
live id body contact with flock member s. When they perch on electric 
wires they maintain a certain distance between each other. Swallows 
i./ffrwnrid- ntjiicv) behave similarly. The long ■wiled til 4.-4neirftrt/of 
ciiuiJiiiitx}, and the gold crest 4 fle^ri/wr on Lhe oilier hand, 

keep together in a family After fledgling of the young and sit 
huddled together at mghl in the closest possible contact. Alone they 

. . r."h.hi; to,' «. -.. 

mj solitary a nimal,, aiiinli;' ;i,'- iu. 11. uju-, . n: v iu.>- 

emrtitri uoid ‘’Htsiuntf animals It should he obvious that the nor^re 
c.i jhiu:-- .iiiin tils are also extreme dislance .iiuni.ij-. 

A contact srsimal displays a definite appenioc he has u-t i.-r 
bodily si in i .icl, IT!-. is irue in fit im panzers gurill.ii. and tn: ‘ n y other 
primates, which if kept alone often deteriorate, unless iltcir keeper 
permits Ihem lo make contact, plays with ihtrtV and scratches. of 
Strokes them, This need fur coqu et seems to have it s cools in tjie 
drive for close contact on the pari ol )ouri£^aiiftAj*^jmd^Lhv^ 
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Fi^ih h Jl6. The «ired tar coti.ici hai- -is ruc-s powtV ift |h* dtw* ta &* wSh il\s 
moil’d. i>l FtaMe-i maihfr 1 wrh «i rnf*r»1; *: wih *n pfcV irtAir rC*irt> Sarwasjo, 
(Wlo R<n|; IcK lw Sc-itu chid-*" d*n>*a *»eh trhfrf -n tapM. iPitalographi. L 
£.!>£ bfOc+tii I 

Vh.ujLu iii wiiUs-i-h«Ling j«luh% show* dear wroilariiK* vrnh 
p-arensal ure and m I'.lii i Ml.- beh.it ior die ^116). CJumpanzecs pul 
their arms .1 round each luJilt. uitd even ingli-fjnlmrig animals, 
when frightened. will elatp a lower-ranking animal for ruiMirana. 
In general, however. other animals flee to She high-ranking one for 
prcHeciicm. BaKuLins even Ike el> the High-nuking animals shat h.n 
just rtiivireaSed them, Bodily ranUcC has a calming tlfca, acid 
bow-ranking chimpanzees heg for is (p, ]J7 and Fig, 2 3 7), Yoikrtg 
tioriII. l- and adull females wei umtaui with old malts when 

Lhey Tt-a (to IS. Sshaller S%3 l see also Fig. 2IS| just as Lhe young 
of moot mammals seek Loinaet with ihcir men her, 

In kwImI animals social grooming is j widespread behavior. We 
Ind "il." for esampfe, in Norway rats, agoutis, house mice, vcrvel 
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F'trj'v il J *V W<n«r +irfn*li **ni«r h** I P N «i 1*1 An 

•P4|lfl. J.iM'-pk] l<*PH jr\0*r INI KIM Gf * r i G-W Ci'mjL'Hi <"*»*.• ibl * 

twf* .^■oipyapi'i *' Si'o' - - i«d ti'dmn -.»•» L»#.■<■. rt •' '*• ■'■>* o' 

iVjwon*'Gtop'4P^>c t i C o- E :*i'« T 



FljuH ilS >: ■. ■ ■. jl 4 I...-JV 

for#* «*c hff rfK.r.j «ho KiujM t-M-K’ Aim 
t S JvW-tMCiKl 'iH 3 ' 4Jld tCung !■• 

"*•1 ID* fl'* TS* "3 'r* > £*H hrinc '*4!* ip'i 

I** o' ?h# yOynfl. ffefll * gt'Rl 

TiMl (Mil 'll ***? G* nhfl P#»Hf O' J (fit*- 
[c| I £”■*»* J-"d totfng S'l clc-Si 1C* J J-i-'ig 
m**er Ifli ;*1> <«»: e> iM^ng ijmh 

i*» l*fii 0* « (*#* ffno's 6 E itMIkw 
[19631-) 


TTKirltcyi, chirtipjniKS. and many other primate* lH^- -I 1 * Jf^ 
Tliis behavior cerl jinK seems iq have i<s own s-ircme, hio 4 iv;i> 
<jcMi bccan wea^J Immaft ffiiiT* the iff groom ifwm. 101 

example. agruufr h\ Inline ,iod ttwnNnf ihe vkin ’.viih ihcir ieeili. 
Tame verve! and oilier mOflfcey* "dekiW * 1 ihe hair of rtwtr keeper 
•and J;.■ ni.i ili.I in return ihat (he '.sine be dime Lo Ihem., even when 
they are free of parasite*. In thi* wj-. erne van m:ilc friend? with 
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Fi[iui* 213 } tenth! haw tct-og *3ch atnN. Tnt ae-'na's t «an eo^i -af il-+ bod^ 
vil'th |f» olhcr Carnot rp*ch. hV. Ka)Kih# [I 9 ft)] ^ 





vhy «ymaet animals ip. 94}. Swch behavior patterns facilitate grcwp 
ties via (he reinforcement mechanism. 

,\ bond can -i1«i be established and slrrn^hroul uj aggieiiion. 
A pair of graying ge«e is bondvU as a combat anil- and ihcir 
greeting riluals derived (renn aggressive threat (K Liwria 1963a. 
see also p. 129)- Fighting Logelher establishes a bond in the rhesas 


Fujuii 226 ie.c i grooming fl iha vtVK monk** 
■iCWd^r^miT ict^oaij and m liKnira |@a'.' d^ow- 
■j'jpi-.s |. E-bLE-t-»lMI 1 
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monkey and other macaques ip. JJ 4 ), and lhis is also true E'.m iimn, 
In every da;* life one can observe !h.ow Sayglijr-g .n soni-cvMU- unites 
those (hui jpirt in tp. ]^ 2 i Iwru even. cnimHft ihr opinion 1h.1t 
kw—defined >1 (ht M BWal bond—evolved in many instance* 

-^,'ii", inifa,spwifiv ■‘i 1 Tf " s thesis I am reluctai. fully 

iitLepi T j*«f that age region Is older than the indirv idu.ffi'vd bond, 
but I doubt iIl:l[ ii drived from aggression. Therv .m- 111,1 uv indicct- 
turns 1 IsJii 1 he individualized bond evolved from die- parent child 
bond. The majority of animals dial live in ek^ed gmup- show 
parental Tare and bond wnh patterns derived from ihi.s r<l.i1kuo.I1ip, 
Ltitpliwi arc se-ntf butterfly lish, bill there is mi Lndicitlioa that 
their bond is derived From aggrc^ive behavior, (A detailed Ji^io,. 
$ion of the origin of bonds by the autJior1> :n p:ep.sr.1 ri 1 

Vaflouj group ^f animals differ markedly in tliL-ir Mu.i.Lt puun- 
Lials. TnTtpnfPt om? does not Sind croups whose members sollahuraLL 
in -.oane way. Marine iananas seem 10 be gregarious: one sew Ihern 
rest on rocks cm the shore by the hundreds, crowded together and 
sometimes one on top of the other (Fig. 221). They tolerate each 
other but exhibit no altruistic “friendly” behavior patterns They 
do nol clean or feed OM another. TKcir social behavior as limited 
lo the rCpcfldife of lighting and threat behavior, with which even 
Lheif ooureshap behavior has much in common. This is a conspicuous 
difference from most birds, mammals, and bony fishes, which often 
form associations in which they cooperate in an altruistic manner; 
they may bike different roles in hunting or defending a territory 
together. These animals also have a rich repertoire offrivndly 
gestures suh.li as grooming behavior, feeding ceromoniesj .1 r,J steeling 
c eremonve s Jcri vcJ from litem. These behavior pattern-’ usually 
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evolved from JtfiJtu.'. i^r associated v,nb care of tonne. and smut are 
derived from infantile patterns. [p. I 22|l 

Apparently. during the ffigtitf rjf llie {voluikm of parental 
hcliiiviwrm,‘iny behavior patterns became ^vnilaUM WHfeH We a bo 
very suitable as indicators of readineb for serial contact -is well 
os for inlerartimts of :idai|i animate ail of which, mate il possible 
for artrisis-lio cooperation Lu ovcur. W, Wicller |l9£7b) pedals out 
in Ihis eomnecEkm itiat only those- instcti that have highly ties eloped 
h rood-care behavior form -stales, and lhal their brood-care behavior 
also lies the adults together. Bees and ants feed not only their own 

yur hul also l'.3l I: .1 h-: 

The fart that behavior patterns derive tl from the brood-cure 
■ ■ • It: It. ■ i.:i.1 :.■ ajh-a-iu- i>lv Jvn0r.iI fundion of locping groups 

logs I her indicates, among oilier things, that the larger, individualized 
and imsl ettelusiv e groups can bu traced back, to (he hilHlter-chikl • 
association. 

Types of groups 

Aggregation? 

At limes aggiec.alioni5 of animals of one or several species occur 
where the sole reason for coming togeiher lies in lire attraction of 
souse environmental factor. Uutterllies may congregate ;u water 
places. If no ssxial EHtiMlfon e^isiw one spcafcs of aggrfgniiiMti . 

Anonymous groups 

When animals are bronchi together by soci al Attraction for cu re 
another, bat suhreL|ucnili dn not devefop ,i hum! hared on indi- I 
sidual recognition, one speaks hT tmwnminis groups (O Kramer 

They can be open or closed So others. 

In on cpm y ri a fi yrtHttis group new species me in ben. may Join ai 
will. [cidiuLbi.il" animals arc freely interchangeable as far os the 
group is concerned. One such example is a swarm of fish (I. Eiihl- 
Eilstsftliji l%3b|. The swarm is kept together by means of simple 
species-specific signals. Swarms of miniuSwS (rfioxiitus} accept new 
oonspecilics only if they do not deviate more I hart 1 cm from the 
average Icnglh of the swarm members fflerwein. cited by A Kemanc 

Indit idu;i|s Lhat hove become separated from the swarm show 
o definite appetitive behavior to rejoin ,t swarm of their own 
species. 

AnonymOttS ifMitM Can e uii ".i".t i.h' subgrou p s i p wl-m-h nu-m h.Ts 
knirn ,.ne .nioiher individually. This is true in the breeding colonies 
of many hirjf species, where many breeding pairs form a larger 
association. They soiled ivety attack predators and art dearly 
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grouped together because of social atiraciksn and not because of 
environmental factors. The males knew each other individually; radi 
pair marks oil iLs own nesting arc* and tolerates only ns partner 
and lai-tf iw own young. in die immediate vkiiiin 

In <“teW timttymem groups individual memb ers tin nol know 

each t ll.Lf inJis idu.il';--. hat they feottgnize from ■ nliv; lul-. wlu.-ihvr 
or ~TT?-T~? i_n TmirTwl belongs, Only group members are iolcraleJ, 
striirt£.fps are vigorously attacked. In 4hits category fall rats and 
mice, which hase already been mentioned. I he bond of individual 
familiarity is tacking* hut a collective odor based a# a mutual 
m-i'irkiJig with urine idcniilie-i members Of the group. They do nm 
know one a neither, so there is no rank Older. Males mate with 
females without any rivalry among Lhe mates. Cmllkis atmoi food 
arc ntn bloody, The anima Is giwm ore another: sometime*. an 
especially targe individual may dominate others. 

If one of two house mouse mates, which have unit <Vn lived 
together peacefully, is marked with the urine of another mouse, 
aggressive behavior in lhe other will he released k>n lhe contrary, 
one can also reduce lhe intensity of eCrtflivi between two strange 
mnks bs rubbing s>ne of the m;ik* wiLh the urine td’ a mouse iltai 
is known 10 the oilier Sk II. Mackintosh and E. C. Grant I966 |l 
T he members of a bee calory also know one another by a hive- 
sped fie odor, but they recognise each iMhcr iis bvlongang to one 
colony only after they have exchanged food. If worker hecs of one 
hive have hem separated by a double screen, they tight each other 
even though they have been exposed 1o the same hive odor ti. 
Lecomle ]P6l}. 

Individualized groups 

If 3 group of animals is kept together hv bonds of Individual 
acv^uainLanceships, we speak of an indirutuuiiicii group Its socta] 
orgifliijjjjjfl can bc jj.gijf s'iiniplieaiod with Lhe e stabl ishment j)| a 
social jiitrarthr that develops as a re^ull m ••■•vi ••:, m .1] lights 
Laeh group member learns from the repeated conflicts who is 
superior and who is inferior and behaves accordingly Once Lhe 
matter of rank has been settled, lights are rare and usually a briel 
threat by a high-ranking animal is sufficient 10 keep a lower- 
ranking one in its place. The high-ranking animal noL only hue a 
number of special ad.vantages, such as being. the first at the feeding, 
place or obtaining (he heel sleeping place, but n mat also assume 
the responsibility for piuEeelrflg the group .ig-imst predator* of ol 
one group member .jgjmsl utiorhcr, lhe dominant animal may 
ensure tbc cohesion of the group by breaking up lights: ii may 
assume Lhe func-Lion of leadership in certain respects, such -i' 
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determining (In; imk for mewing on and by Biding lhe direction 
during migrations. The role of |he protector makes the highest- 
riEikiftg animal a focus a round which lhe group gathers. 

A Mxial hierarchy or rank order not only presumes that some 
Members ul I he group ‘a ill right fui aulhoriiy either bv fighting 
for it or by some other special achievement, but also that iTic lower 
ranting ammo Is atwpi this Lrrd<r. Only the capacity and readiness 
ii> submit makes the formation of stable soci(Iis 
.ifu-M decs mil hctOiue ap pa real inti! uiil .1 lie nip I- 10* (MU I M||M r T 
soLitary mammal, My own quite inldligent badger completely locked 
(he ability lo submit, Me remained wIT-willed and aeceplcd no 
reprimands- If punished for some mmJeed by as much as a light 
■hip. he ai once became scriiMisly aggressive. A dug. however, will 
readily submit and adjust his behavior accordiugly. It ii a group 
animal by nature. 

I he presence of a high-ranking animal influences a low-ranking 
ewe m man y ways, bL Uicfeschlag {i940l has shown (bat low- 
rank iiig pigeons had more difficulty in learning a eofor and position 
diwrmi motion in Lhe presence of a higher-ran king animat. He also 
hep! inch foe-ranking pigeons in individual cage* where (hey be¬ 
came used to models that recreated whenever die bird.' showed 
aggressive display They were finally able to win over the pre¬ 
viously dominant bird when they were again placed into the old 
environment. This bird w-as then also dearly superior in its learning 
performance, when both were present in a training session. 

The phenomenon of rank order wa* first studied by T, SehjeU 
de.rup-F.hhie 1 1922^, I9]2h, l«ij in dtucfcens, At a funicular leediiLg 
place some hens have certain privileges. They arc first at (he feeding 
place and peck at olher lower-ranking hens which were already 
present or which come too clow to them. Who may peck whom is 
well established, t'bickcit a may peck chickens A, t. «£ and r; chicken 
b peeks nil others except a; c all others except a and h; and su un 
fhc lowest-rainkmg hen is pecked by all the others, bur is generally' 
left alone by Lhe higher-ranking, ones, because these are more 
attentive to the next lowv-r-Rirtlting hens, which are l heir imwi 
serious rivals. When strange chickens are put together, they will at 
first Sight intensively. Each animal will light every other animal and 
victory o# loss will determine its future staading. a chicken that has 
lost a light will remember lhe victor and avoid it in the future. The 
vKlor usually ts the strongest animal, but agihly. perseverance, and 
aggressnciess are also of impOflartce. It is also |joviiblc thai a 
high-ranking lien a, winch Was Victor iL'rtii uVcf h and i. Loses (u 
J. which had lost to built )• arid c, pet hups because hen u had just 
been weakened m .« light or had been frightened by something. 
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The n *i iii IJ dom Iju iis over * and c. but ii below ti lit the rank 
order, Although 4 is subordinate to h and c, I'hus there .in.-. in 
addition to siapk tiwar rank orders, more cOfBP i • 
rclalKmshitK. as wri l. 

The subordinate unmial will Ik pursued by the winner for onls 
j few days; after lhal it will usually be left alone- Once the peek 
ordfT of a flock of chickens has been established, everything is 
peaceful If necessary, the higher-ranking animal will assert itself 
with a short threat. Roosters in general! are dominant over hens, 
but they musl fight their way up ibrough the Tanks, including the 
hens, Sqrver.il roosters within a flock also- have ibcu inn |H'vk 
order. In jackdaw colonies there ts also a strict rank order. Very 
high ranking animals are quilt peaceful toward ten low ranUTI'g 
opes. HutTFey '.SfcAeTy aggressive coward tho-.c v ho ;itc jusi below 
t hem. They may also hCmmC involved in fights between two lower- 
ranking birds, and then they always anacl lire hewer ranking of the 
two, \Sale jackdaws will only mate with females that are of lower 
rank than Lhey |K. l.orem 1931. 1935). 

The colorful plum ace of males plays an important role In ihe 
lip. hC~To r rank Female chaffinches whose undersides were colored 
red 1o resemble those of males dominated Ihe social hierarchy when 
they were placed together with noraifikotofttl females. They also 
dominated over the others in tights and usually won. which further 
demonstrates Ihe intimidating funeLion of the colorful male plumage 
on She other sc*.. Very low ranking females from a group that had 
lived together for u lone time Could be raided in rank by iiriifiealh 
coloring them Even hand-raised females which had never seen a 
male rcirealed before red-breasted females This rea ction , then, j> 
noa acquired as a tcsuIl of social experience* \ P. K. Marler 1155a, 
1955b). It *■** not possible to teach the Female? to avoid gf«en- 
breasted bitds. Even when they had been placed together for a 
[ong. time with green-breasted males, they hence birth did not avoid 
artificially green^colcHred le males. 

In many hoofed animals that bear antlers or horns. oinspcCifics 
judge the lie Mint qualities of mhei species member i by kta dec 
oTjjOHdcrs or horns. In the red deer only animals with approx¬ 
imately equally well developed antler will <ijhl together After 
dropping Iheir antlers high-ranking deer rapidly dfop m rank, and 
ihe iUttdts of lower-ranking animals take place always immediately 
after the others loose their antlers- This occurs evem though jmi 
prior lo dropping them- the anllers are .dread y useless in lighting 
because of the onset of osteolysis. 3 his shows that rhem possessors 
were only prolecLcd bi ihe symbolic significance of their .rnttirs 
(HI. Hcdiccr 195-J; see ako A. Bubcnik 11511:1. Wild sheep estimate 
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the si reingl h -of conspecific* acctwdi ng to khc size of their horns, and. 
si rung? artirtials lhat join Lhi group eati rcaJilv JiL into the CM-11 ng 
rank withtHil fight* |V. Geisl 1966b 

A particular moL oidcr is by no means stable, Smalt f hiiyt 
occur ccEmnuously TT'k young hen With chicks advances in her 
in ,.ii if I'ifI:ci i.mLii:; liens will l. derate her Low-ranking 

baboon females rise in rank when thev are in estrou* or when ihs’v 
Nave small yvrang <1, [3e Vore (%S), and the same is true for many 
other animals. In animat* lhat have permanent mates the rank 
position of the female may change dramatically as a pur bond is 
established A low-ranking jackdaw female at cnee advances in Lhe 
hierarchy ichen she mates with ;.i high-ranking male and she 
changes her behavior accordingly IK. Lorenz 1935), She is j*;ire 
of her new position. which ts based on protection by her higher- 
Tanking mate- 

One of the free -diving chimpanzees that was observed by J. van 
Uwkfc-Goodail (1965) utilized -m accidental discovery and sub- 
sianttaliy improved his standing wjihin ihc group. Chimpanzees are 
afraid of loud noises. The low-ranking Mike had discovered iJmii 
one can make loud noises with empty kerosene cans by dragging 
them over ihe ground or throwing them. 

Mite o?ie« wa>’*ed 10 i^e rant wh'ki ..< youj> or ehimps was -esnng psacs- 
lullv neaiVr, seteeted a can irem die vcrj„di. and earned it eats**. Sud- 
he wtMjid b&flim to <oei jhghib Mom skJs eg jid®. uiisnng \&tt noors. 
M KTO*i as I he hookng r 0*1=1 10 3 crMO?nnk\ N *« orf. Hi.ji 1 ir >3 h '5 0gn in 
Irani at him. He could keen hi marry as throe cans in play, am otic/ Ihc 
OtlWf {p. a I 31. 

J. van Lawiek'Goodall later hid the cans. htiL by then Mike was no 
longer an need of them. Whenever he approached other slumps of 
his group, they bowed low- to the ground, acknowledging hi'- domi- 
nance, 

ll is lhcreTury nol physical strength alone, hu inleiisgcncc as 
well, which contributes 10 ibe rank of.in individual aninriaL In free- 
hying rhesus monkey- Lhe rank of a male docs not only depend on 
his physical strength bul also on his ability to form friendship* 
(.alliances) with *y1 lions. In *o deling males sometimes change groups. 
An animal that seeks contact wiih a am her male Stays neai him and 
tries to entice him to join him in a common aggressive action by 
sham attach* iie;iinsL other mates or Lhe observer, on the principle 
that he who fight* alongside another is also his friend tp. 129;!. 
Female*, on the other hand, remain in their groups* {A, f*. Wilson, 
personal communicationk In contrast to the males, ibe females have 
ji.ii close', friendly relationships toward non relatives of lhe same ccs 
In she Japanese monkey low*ranking individuals sc-elk the friendship 
. I the high ranking by .i-sisting ihem In ,iLtacks. When the superior 
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makes ..in jttj,ek (he inferior indit idual joins it from the ■■ iLeading 
ihe attack rmd roaring, These ''aiiucks fm flacserv'’ (S. Kawamiira 
l%j) help 10 strengilicii the bond and raise Che eonfederales sl-alus." 
for W be ihe friend of the moil dominant animal is the „ur<st and 
shortest way of promoting oneself <S. Knwafrtura !%J:ZilJrt 

In babocyns the ilrongcsl male is usually the highest-raHiking one 
Som-climes. hwevti. two or Eli ree older males join sogethcF, where 
each alone would be subdued by single, younger males in ih t- group. 
By being allied they rule the iroop Within (he central hierarchical 
gwup I here is a Ceruin ranking Males outside of (his central group 
may be the highest-ranking individual anim-al. In one of the instances 
described by 9. DeVore (l%5i (he central hierarchy cntrsisted of (he 
males Dano. Pua.. and Kom. The highest-ranting individual, how¬ 
ever. was the fourih male, Kula- which was dominant Over each 
individual of the group when they ucfc encountered alone. Knla 
had Id move aside u«rlj when he encountered all three together, who 
then usually acted in concert. With respect io (tic choice of steeping 
place, ihe direction of migration und in situations of danger the 
high-ranking animals determine Ihe behavior of Ihe group. The 
relationship to Ihe highest ranking animal finally dewrmincs also 
Ihe rank of an individual- If 0 habooo secures the friendship of a 
hightail king animal, he raises his sialus :n relation 1o others Lorenz 
found similar conditions in the graying geese 

Most revealing observations about the function of high-ranking 
animals were made bv L. Williams When he released his 

colony of Vi-,Hilly monkeys (Laffiihny > fur the ftrsi rime into an open 
area, only the alpha male climbed into the Irees and carefully 
inspected all possible rourcs for climbing, He broke off dead 
branches-- Group members thal attempted to follow him were at 
lira chased off. He permitted (b c m access Lo the trees Ortl) after 
2 days of careful exploration 

There is a study by P. W. Ptoog |l%3; see also Fig. 222 J of (he 
development of the social relationships within a group of squirrel 
monkeys during the course of I year- Tlie fusion of (wo groups of 
squirrel monkeys began in .1 collective discharge of aggression, m the 
emnst of which (he highest-ranking females engaged in screaming 
.md biting; lights. The males performed display duels. Ihe van¬ 
quished group finally ■withdrew- into a corner. and a new tank order 
(hen developed among the ittaks, vntii one male ol (he lonng group 
becoming the whipping bos t he aggression of all others was directed 
toward this one mule, and Ihks seemed 10 release sevuaL behavior 
ihat had been inhibited prevwusly by Ihe collective display of aggres- 
vioir. As social contacts i rtef rased. Ihe groups fused more and more 
into one and ihe aggression against ihe whipping hoy decreased 
gradually (R. Casrell and O. W Hoop IWk R. M Vcrkcs H94S) 
described, cyclical changes in Ihe ranking, of chimpanzee females 
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w bich paralleled their esirous cycle. Durmg; [he (fliuus period ihe 
Feinnlc* are superior to the male* in the rant order, but they are 
$«ian? to them al mher time-s.. 

T he tan k HdjtDn vf -HI antmal i' sometimes det ermined l*v the 
s lindiiig a) ijj nve nber Timm it IrtlMlBitiea by tlhJil Ion'anti na* 
been demonstrjlcd in rhesus mgtnfcess aiid Japanese rtweaques (M. 
Kawai m&: C. ft. Kofoed l%Ja; D, S. Sade 3967; S. A Kaufman n 
19*?). 

Newborn young arc introduced to Other animal* in an individu¬ 
alized group, a practice I hut undrmhtedlv protects them against 
ag^rev-ion, The chimpanzee mother is alone when she wives birth 
tii her young, When she returns lo the group she approaches other 
group members with an open hand, palm up. and shows her child 
at the same lime. She behaves in an obviously apprehensive manner 
bin is at CHTKV reassured whim the other animal reaches out with its 
hand i J. '■. i.iswiik-tjH Hiil all ISbSj. "Ihe gorilla mother Add I la ol ihe 
base] Zoo presented her newborn young within the first few days to 
familiar persons w In n lhey came near her rage, 
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Sh-u p**s»tf ' J*fiOK]'' aga-nsl H«r body *.lh hfr Wl a»n\ h«m hi* leli vm 
*niH hsf ngni hand a*d aei^ck it ihreugh m« csss imps sviwle he 4-ng n*i 
owi'k ■'19111 sji-Nfli rtfl*i ra hi. Shfl 'iJC lurried ig pressor N>r hanc, and ! 
wsmss *1 >F shn jiIhj M-anDad to irtljdfl J»*i iixta*!*: -nco Hi.? pt nds 

SjiiRg cgrrlatl raJHMeK. S*i* s«m«S q.j'is conitmltd alter g.ne n*rt g-wns 
o««‘s hand to h#f and har ch« <|R. Sch^nke 1664:243], 

Ii is remarkable that she readied am her h-rmd in the manner of a 
chon pan re* mother. a ge-duce vi hi eh ScknLd cwhuJered lea rned 
bur which ts possibly homcifcigoua 10 iliai of t he chimpanzee. Achilla 
octasknull) ined to push her child under the fears n> she outside 
She wjit uughl to refrain from this sinnph by breaking ofT CLrfiiact 
with heF- t-iOP mother* also idltosllitt their young Soother member* 
of the pride tK Schenk cl 1^66 j. 

Individualizes! groups •can be found expressing various d egree s of 
reco^ni-LiOn The fanners if one pair frequently km™ one another 
individually rK. Lorcnc LM3a> Thisistruc for many fishes, especially 
in the oichlid group (CffWirfir] and darmelftihe* (AwnfldnwrfrfwJ. 
where the parents know each other ntdoiduallt buL the young are 
known only as a croup [W. tVidJer l%7}. In many birds, graying 
geese, for exumplt. I he parents know each other as well a* their 
young. In mammal* 4 mOMgaflKMfe. indivj«3u*1i?iMi family ts rarer, 
hui it doC* nceur tfor example, iii ihe gibboni. Usually niaeuniuls 
form maternal families or larger packs or elans which are main¬ 
tained on the basis of individual acquaintanceship 

The living mat.sup]ah {Petauras btwkvps) lives in such clans and 
it was possible to demonstrate the existence of a chin CklOF its well 
as indis idual odors (T. Schultie-kV-estryir'i l%5|. These amnuL. keep 
togeLher in a group and have rank order* within the group. In thi* 
specse* group member* mark one another and tight against outsider., 
If on? warns to get strange animals used to each Olher One tun 
place them Epio a n<si box together, separated by a sercefl. 

The prairie dog (CYmwnvj luJorkr^nnsf lives in exclusive family 
sroups which consisl of erne male, several females, and the young of 
the pre,ient and previous year. The family members know one 
another individually j J. A. King P^iS). Uy ttwuuni conlrol the domi¬ 
nant male makes certain that no stranger intrude-.. During the 
breeding season the voting males of these groups become quarrel¬ 
some Arid emigrate. Thev found new- colonies and females at lim 
move freely back and forLh he tween them until they finally choose 
a specific male. 

Cape homing dogs |jLirm pi cran live in pads wuh a highly 
developed social life. All pack members are 01 equal rank and feed 
each other: each max beg ftom any other and receive food In the. 
u-ay all food is equally divided within Lhc p.ick, srr that the Ic^ 
skillful humors also obtain food Kuhme lYh^l-. fhc tack id 
rqnk order in the tape hunting Jug is in Ihh c.oe a spcsTaljSSTjori 
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I>uriii-j ihc hunt afid when encountering predators one animal uil 
- nil he seen in ihc forefront hm on the next occasion another .mi- 
mull iruy assume this position. If it «ck otherwise, according Hi 
Kdlmie. this would result >n failure u> adupi If there were a division 
i,if labor aeccuding to rank, ihe pj^L would often be involved in 
internal rank-older lights. whenever an alpha animal became slightly 
injured: in cape hunting dogs injuries aw tpulv frequent, 

In wolf packs ihal are otherwise quite similar there is a dear 
rank order (A. Marie JWdt L. Crisler 1W2; K Schcnkd 1W7), In 
red deer and the wapjij wc llnj. groups of females that are Led by 
an older female, The leading position U always held by a female 
■* itlh a calf; she is I he m«[ alert Animal in |he gwhp- The mher 
i'm males with older young form subgroups that are driven olf tem¬ 
porarily when a Ilf* calf is born, The adult males form k*W< groups 
outside ihe lulling season without any clear leadership being in 
evidence, and they disperse with the onset of the breeding season. 
Then a male will toil) a female group, but will not assume leadership, 
which is Mill provided by the leading ww: she warns when danger 
approaches- and the male keeps I he herd together bv circling it 
(K F. Darling 1937; M. Altmann mi). 

In horses one finds large herds which are led throughout ihe 
yertr by a M-allkin He lives in the center oF the herd and (he younger 
stallions live on the periphery. When these are 4 to 5 years old they 
separate themselves from ihe group with a few maxes each. Among i 
ihe marcs there is also a rank order. According to H. Ilbhardl < ll?S8) 
there ;ir<: social organ i/a lions among horses in which a lead stallion 
lives with only a few mares and their foals in a family group. Zebras 
t iltfuui i^.jijrisji lives in permanent families and in slallion groups. 

The families consist of an adult slallion and one to sin mares and 
1 heir foal*, ihc old mures remain in ihc family for Lhc remainder 
of their days, hut sick And Old staLlions arc replaced, During iheir 
first estxous young mares often leave thy herd to accompany strange 
stallions, Between the lirsl ard four I h year of life sLal lions leave Lhc 
Itcrd on then own to Associate sstth Mai lion groups W'nhm Lhc zebra 
family an older mare leads the group- Tbt; lughest ranking stallion 
follows it (H. KLingel l%7j. 

In eared seals Lhc males rule over a stretch of coast as Iheix 
tAffiwiy where they gal her thetr females There they tolerate no 
other males. I he Galapagos sea lion bulls participate in Lhc care of 
young: they drive back young animals I hat swim too far out and 
protect them bom sharks litis way. The females in general are quite 
peaceable; any conflicts tti.il might arise arc stopped b) tire bull. 

Prosimians {Lemur nrritrr and Proptiktcui remauu] live in esetu- 
»vn gruvps, A*, with many primates behavior paHenac of serial 
gfotuiiing and the MiMClidA toward die young arc the nsusi iuipor- 
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Unit binding fareti which keep the y.n,i%ip together. There is a ru.nl, 
order between group members-, .ntd A Jolly (l%fo developed ihu 
impressing hypOtheso, chut lhr- complex social life facilitated Lite 
development of primate intelligent*. During the mating seaman there 
are often great disruplions of the social structure, as inte nse ti e Iks 
break out among Ihe males which often lead to injuries 

The sociology of ilibv-s monkeys is known from intensive obser¬ 
vation* made on the Island of Cayo Santiago oil Puerto Rico. whore 
several groups live in freedom (A. P. LVibon l*Ki£i. Thev. too. form 
exclusive groups which have iheir own rank order If one high- 
ranking group approaches a feeding place. the lower-ranking group 
will move away, even if the approaching anitmdt, within their own 
group, have only a low-ranking position I he ranking within a group 
depends, with female*. on their ancestry, High-ranking females 
usuallv produce hi^h-funking daughters, arid the .nmruils that belong 
1 ogetbcr as a result of oontman descent form subgroups eonsisLlng of 
several generations within the larger troop which she females never 
leave (D. $. Sadc 1967k Males, however, do on occasion change ov*f 
into other groups. They initially associate with the strangers tay 
remaining near the periphery of the group they wish to join, and 
aitempi to groom another malt on occasion. They begin their life 
in the new rroop with a low rank but they can rise higher The rank 
of a male depends on his ability to establish an alliance (A. P Wilson, 
personal communication; sec also p. 354k. High-ranking animal- 
settle dispute* between group members. In group lights they leave 
She lighting to the nest lower ranking animate, and if the strange 
group is victorious, they are the tirsi to retreat. There is no negative 
effect on lhe cohesion of the group as a result of the breed! jig season. 
The animals are promiscuous, but usually only half of the m.ile- 
will mute, The lower-ranking males copulate rarely or not ai -ill. 
apparent!* because of social inhibition* (C, ft. Kofufd 19631. 1. 
DeVore (19&5k observed that low-ranking baboon* do not mate- 
This is reminiscent of some instance', or psychically caused impO- 
lence in humans. Otherwise, sexual activity seems Lo cement the 
rhesus group together, in contrast to the kmurs. According to C. K 
Carpenter (1942k this is also the i-ase in bowling monkeys. babkHms. 
chimpanzees, and gibbons, in rhesus monkeys the citrous period 
during which females permit copulation is fclauiclv long. They uke 
up 9.2 days per sexual cycle of the female. which U abend one third 
of the total cycle. Carpenter interpreted this ;is an adapl.ilain m the 
service of group cohesion. 

In baboon* {Papio ntjjVjus} groups consist of numerous infants, 
juveniles, adult femaLes, and male*. One troop of fo included > J 
young. IS adulL female*. nod S adult moles. Of these mate- the 
slrongcst is. usually dominant, uitd between the others Lherv is a 
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graded hierarchy. -It happens also tha t two or three older mate unite 

lo LlijTiJ ,t l ' ~ i n i a. I hierarchy ro up v> lucii rules I he In. nip (I ITeYorc 

1965; sec also p. 755). 

The high-cst-rauking mate advance lomnl predators and strange 
baboon mate whenever there is danger. Otherwise they remain, in 
i he center of rh.u if nop and the females wills very small young 
gather around them and arc thus prehected against encroachments 
by other group member*. They copulate exclusively with females in 
full circus. while ihe younger. lower-fauk Log juste can only mate 
with fen.lies in partial eilraus They also have access to younger 
females When I wo low. ran king animals tight, otvc of them may Dec 
to Lhc prosinuL'. of a high-ranking one. present his rear 10 In is in 
an appeasing gesture, and threaten against the enemy. In these 
instances the high-ranting animal will take sides with the one Lhat 
has tied lo him and chase away the pursuer (El. Kumnier 19571. In 
migrating troops a certain marching order is evident, An advance 
group of si rang adult males is followed by childless females and 
y cm rig mate, Then follow* a group of dominant mate, including 
iI i.l; highest-ranting one* and the females with small infants. Other 
young .idii1 1 males bring up the rear (E-Tg. 223). Young baboons 
seek protection initially with their mother, later with Iheulplia male, 
even when he js the cause t>f the fear, Until ihey are 2 years old 
young baboons are not subject to the harsh rules of adult life. They 
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become only gradually involved in Lhe social fcn*4dfi& that t-xiwc 
ill. Ku turner 1957}. 

CtomprutMcs HI lhe wild live in larger, Imh croups of animals, 
wfco know one another priuniM} Females ^ih their young form 
subgroups and voting animals live in moreen less dose contact with 
their mother and siblings Females wiilt newhorn infanls introduce 
them GO other group in<nbm, and- (he voting are very interested in 
Lhei-f newborn siblings and are permitted to hold them aflci several 
weeks have passed [J. Goodall 1961. I9fi5: i. Van Lawick-Gnodall 
1965}. Among adult animals a rank: order exists; ihe animats, males 
included, gel along ■quite well. They also do not light Over females. 
If one female ■$ in eslrwi males th.it are present name with her 
without fighting about her. 

G. Schaller has reported on clans of gorillas whose family life 
is more similar to (hat of humans. Here one group usualIv consist*, 
of several females and males. An especially large silver-backed malt, 
.is the dominant animal, determines the time and direction of mov¬ 
ing and settles disputes he tween females. The mates are tide rani il> 
ward others, but it is an exception to find iwo yhir-tudd males 
m one group, The bloodless rank-order fights are carried out bv 
chest beating. £<j. S. Schuller Members of different gamps 

avoid contact They threaten each other at a distance. Occasionally 
fights between mates of different groups have been observed, M 
Kawni and H. Xfirtuham f]959| report a light during which one male 
th roll led another. In general, however, gorillas have peaceful habits 
in the wild. And on the w hole this is true for primales. where vmlem 
aggression rarely occur* in Jtatwc except under vitiiaLior.y oi stress 
anil overcrowding |C- Russell and tv %1, 8 Russell I068 j. 

Family groups -dissolve frequently when the young grow up and 
no longer get along w itlT one another, as m polecats and humsieis. 
or because" ihe mother drives otr the young. SquirrcL mothers bc- 
comc vity D't^uoiabEe shortly oner ■■w.ming and reject approaching 
vou ng actively by threal calls and by biting or pushing with the 
feel. If such behavior mech.ini-.iiis for breaking up the Iannis group 
have not evolved, the groups grow ink, .i larger dan association Lf 
thiTgimip"reaehts a certain si/e. the numbers can no longer recog¬ 
nise eaeb orhrr individually If such a croup docs not dissolve. st 
IiIlTl an ariii nv nidtiT. closed g roup (p. ?51 j 

In same’vertehrntcS- strong inhibition - ag.iiasl p-.ur furnulmi be 
tmS parents and IheU young as well as Between Inter-mate-- can he 
oSciVed, UnT mru l. for e'x ample. for the gmtlus- eeew I - Mu- 
Japanese macaque a naerthef-wn "'incest taboo scents to evi-.t .md 
J. van l awiek-Goodall sHWHt reports thai in rhe two observed cavrs 
where a female had her swellings all males oi the group copuLicd 
with her, except her two gro'TvUp sous. A youhg female allowed her 
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br^lier to mate when she had her first but incomplete swellings. 
Stic relayed him. however, wJien she jet her first ic-;il swellmgs. 
Whether the invest taboo in man has .1 biological basis or is purely 
eulEuralty traditioned is ii matter oF controversy (F. David and 
others 1963: K Kortmulder Wfrfl: F. J3. Livingstone 1969), 

Ffie itnidire and the sute of animat groups changes from speei.es 
so spceies. L n wirhm a Tiw^tfing to IlK time of The year (com¬ 

pare with sticTdebaeL, p. 1631. Convcrgeneies arc numerous' there are 
rnsHnogumOus hirdv and rnamm-aB os well as monogamous lisfi~ Ani- 
mats I bar five in open and exposed areas Sireh is pfciins or thdETith 
seas rend to form large groups. Theft? who oeeupy biotopes wiih~a d<^ 
qvnte cover live in smaller groups, hul (here are ahva\ ■. I’icepilon^ 
the hem^e mouse, for example, which lives- in superfaniilies despite 
adiisjuace cover. Flic multiplicity of sc>ti,iI groupings has been dis¬ 
cussed iti derail by Pv DccgcTicr ^IW18>. Excellent review's can be 
Found in W. C. Allee i 193-S), F. A. Arnssirisitj; (IWl), G P, ftacrenvK 
11YSUJ. I tti.ni rlitre (1950), I. DcVore (1965). 1. F. Risen berg (1965). 
H. F. Ewer (196#). W. Gcwtsch (1W0), K. E. Lehman* (19S-&). C- 
Le Masne (J95&), H. M. Idlers (1956). A. Portmann (1955), A. 
Kcmanc (I96 Gj, E. S4«seiB*on (1934), and N, Tinbergen (1953). 
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ORIENTATION IN SPACE 


ilacti living organism is an continuous control of ns environment 
Iforough its sense organs .;ind each is programmed in such a w.i\ as 
iO avoid unfavorable conditions ansi to May in a favorable cm imo- 
inenr, A daphniu mm* dost to the u-iler surface wheu the water 
contains much carbon dioxide. which is appropriate because lhe 
wviler contains more acygen there. Two stimuli play a foie in ilws 
reaction: carbon dioxide as a rdeasina. stimulus and lig.h; as a direct¬ 
ing stimulus, If one illuminates the water from below the dapluiia 
wi]L swim downward as snun ;ls carbon stiosidc is udded I A. ktih:i 
I919|. 

Vet this reltiintnenl in a favorable surrounding can be achieved 
b> simpler means, such as by moving: faster in the unfoviifthte en. 
vironmem and by slowing down in congenial surrounding, without 
IHCeuamly a liering the direction of moving, This prinitpk. which 
U called kinesis, suffices to keep an animal for a longer period in 
an environment favorable to Lb sure ival. 

In most animats of higher organk,Hion ermriwimental stimuli 
are processed in such a way thal an .ulgk-OOrtirolled change of Lhe 
direction of movement is achieved. Such topical read ions represent, 
of course, definite progress against Lhe tinesic read ions The otien- 
talion movements (taxis) and their mode of operation slull nuw he 
considered. I want to nestrid myself to 41 short summary of the at¬ 
tempts to classify ockmtaiion processes, concluding wit h a calaloguc 
This is, followed bv the more detailed discussion Of selected examples 
to demonstrate (he main problems and the experimental approach 
involved, 

JB3 
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A* already diwuswrd ip. 18). ukfiEJlkii movements are dt- 
peridcnl on directing srirtnilj. According to the resulting position. GC 
ihe involved mechanisms, taxes have been variously named. A. Kuhn 
<19l^.i distinguished photoEaxis or alarm movements .and four kinds 
of lopetiui: 

l. Troporexi*: With the help of paired receptor ihe animal assumes 
j position in w Inch each receptor is equally stimulated. If erne 
receptor i$ dcsuwye& the animal turns, in circles. 

2 Memiij.ni (compass ohenlttlDni): nonsym metric orientation to¬ 
ward an onenliug Munotas. fur rumple, by keeping a constant 
angle toward light rays. 

3. TeloUrn: goa lA)ir«ied orienunion Punng. ihis process ihe goal 
i$ rtsaued- 

4. Mnemmaxis: orientation based on memory. 

En .accordance with the kind of stimulus, one refers to phoiotaxcs. 
i!i L'l.'i.i \ii, phoiMasis. geotaxis. ebemoEaxis, and galvanotaxLs. Help¬ 
ful summaries are presented in O. Koehler (I950K G. S. Fraenkel 
and !>. S Gunn (1901 k and M. Lindjuer tl9bJh 

One species may possess several orienting mechanisms. The 
grayling butterfly (£fjmcnij stmeif'i will escape from an enemy by 
flying toward the sun. It Hies in tildes if blinded in W« eye: this 
is a tropoUaxis. Ihe males fly toward passing females in response 
1o optical stimuli: this they can do even when Winded in one eye. 
hence (heir orientation in Ibis functional cycle is. a leMaxis IN. Tin¬ 
bergen and others [1943]). 

Orienting processes are nut governed by strict stimulus-response 
relation sbi ps. E, v E lolst (I954)a1 dcmOnSEfa I ed tha t the specific physics- 
logical condition of an organism— its drive state Ip. 44l exert* a 
decisive influence Many fishes orient simultanecvusly 10 gravity and 
to the light. In herttoataf ligbi from Lhe side, the fish is turned 9ft" 
in response by the dorsad light reaction, while the static rcteptors 
attempt to hold the fish in equilibrium in his normal position The 
fish then comes to. nesl in an in-between position which can be mea¬ 
sured precisely in high-bucked forms (for example. f'ftrvphyHutto, 
angelfish). The stronger the intensity of the tight, the more (he fish 
wi|[ orient toward the light. If the weight as increased on the static 
organs by' placing the entire experimental apparatus into a centric 
fuge. then the influence of the lighL is reduced Up to this point it 
appears as if the fish is suspended between two arms of » Scale 
one representing the light components, the other tlte static com- 
ponents. but there is another factor at work: Should Ihe hungry 
lisli perceive a prey, tlic oriental ion to the light exerts more influ¬ 
ence. that is. optical stimuli are now stronger. This example supports 
the contention ihal orienting reactions can be dcpcndenl upon an 
inner readiness to act. '■uch as hunger |E, v Holst 19500). 


Oflif MiTi&.S, IN S*ACE 


According to Ikw fund ion. orienting jtn.ves'-rs can he ela-isilicJ 
into three main groups: 

I V* orientation, which encompasses ihc oriiMitnIbn in xpinwISv 
oriented reference systems, w here ill? sJinwtus sources provide 
i he coordinates- 

2, Sigbiliralien ol posnire .nij movement 

J. Object oricnlation. which. encompasses all orientations it^ird 
directly perceived objects. which are at ih( sanie Limv goals, 

Into these three main categories iL is possible io !ii all the known 
orienting capacities that are known to tii, a-, tan he jeen from H, 

SihtHkf’i (fc"9&5- 1966) compilation; 

A. Orientation in iHed-spacc’ reference systems- Slimnhis source^ pro¬ 
vide the coordinates, and or sene to jmuiniain the normal posi-. 
tun. and they are not the coal of the oriental ion. 

1. Orientation with gravity receptors. jcoW<if 

a. Maintenance of physical balance against Lhe pin 13 of gravity 
and compensatory eye movements [postural reflexes). 

b Control of position arid direction of action in space. 

b|.Qf lhe body (directional control of free-swimming iishes. 

octopuses, crumecans, and so on>, 
bi.Of body appendages via proprioceptive control and of 
Other objects by means of opucjS, tactile perception (rec¬ 
ognition and distinction of horizontal and vertical struc¬ 
tures;. 

2. linen I a lion with the eyes. 

a- Oriental ion related to lighl: orientation of many water ani- pU4 k - MjL 
maU; nm quite correctly called 'Moriahlight reaction 

b. HofmnuL oricnlalion: compass and sum-compass orienta¬ 
tion. OrienULion to land mariis. 

3. Tactile, kiimltelie(rejislration and repetition of the cm n mow 
mcitts] oriental ion. 

4. Electrical and magnetic orientation (electric fishes}. 

5. OricnLation in currents fair, water). -W.iw. %• 

tt. Stabilization of posture and movement (knontoiiun) independent 

of locality. 

]. Via mechanical rotational sense organs (semicircular Canal 

slrucltjresji 

2 . With the eyes [optomolorie i kinetic) control! 

C. Object orientation- Slim ulus sources arc the objects of oriental wo; 
frequently localine processes (goal emi dtreetton is considered), 
t. Optical target orientation |ju antis, chameleon). 

2, AAUflinl location (echo location of bats, porpoises). 

3. Tactile location (dragonfly larvae, clawed Irogsi. 
d. Chemical orientation. (,i.j tH ,+A 0 5 
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;i Thermal orkpilaLion tmlraicd Organ* of pit viper*, temperature 

pntfCKUCCjj. 

In the following scciioiu we warn bo demonstrate the way in whieh 
orient in? mechanisms wvr* by discussing Mime selected examples. 
W r c shall pay -pc'.ial attention also Do the active role of the Ofgin- 
o-in in the orienting process. Comprehensive reviews, on [his, topic 
have been published by M. Lindauer (I963)s S, Gcrluch (l£65), and 
13 Hasscnstem iltJfrfs), The phylOseny of orienling Capacities. espe- 
fitlly the light oriemanitHW of arthropods* were di-.L-usved by R. 
J:krt jtfr [ I %<ia. I9h6lb'j. 

The control of body position 
and movement in space 


Many fishes and water beetle larvae iDvristhfot) orient themselves 
with their eyes toward light. which can be easily demonstrated wuh 
an expertmetU CFS.C, 224J, Water beetle larvae swim up to the ■sur¬ 
face to gel air. If an aquarium is illuminated from below, the an!-' 
mate will swim to- the bottom and turn their back toward it as if il 
were I he surface. Unless the illumination is reversed the animals will 
sulfocalc there, 
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llo*eser, il is not as if the lighl stimulus is coupled. so to speak, 
with J rigid, ohligacory reaction. The animal jtm orient iK direc¬ 
tion or movcmenl toward the hglu. h\i r which pan kntar directum 
with respect to the Eight source is followed depends on its intern. 1 1 
state- If the animal needs to get air it will swim upward, afterward 
it will swim away from it. Depending on the mlcmal state different 
orders so to the orientating median ism so that the animal can choose 
between various dircciions anj orient itself accordingly There i' no 
ii ted rertevlike stimulus-response relationship: the organism can, 
actively change the reference direction I his was elegantly demon. 
Mfaced bt H. Scheme tLW^J 

Pjlheid larvae hase sot stenmiata on each side from which in¬ 
formation is snlcgrated :n a way I hat enables the animal to move in a 
specific direction with res peel to the angle of iighL incidence 1 he 
a nates of light, stimulation can be controlled by covering individual 
eyes and by diffusely illuminating the aquarium from all 'ides The 
nmmal will then swim with its dorsal Of ventral side op in circles 
in the ease of symmetric blinding, in an attempt to maintain a refer¬ 
ence position wnh respect to the direction t>f illeumniniofi. If the 
angle of hghl incidence coincides with the angle foe the reference 
position tSoll-[,aceJ the larvae stop circling. The aiming tendencies, 
which can be computed from the circles that Lilt animal performs, 
can be represented on a curve where ihe orientation of Lhe body 
depends on the angle of light incidence, so that one obtains a sinus¬ 
oidal curse from which lhe strength of the lurning tendency for a 
given cvpected position can be read. 

A iwmvat larva shows a number of different behavior patterns 
in which it can assume various reference positions in space I Fig. 
225). After breathing at the surface it swims downward at an angle 
and continues horizontally when hunting, or M waits molbiihw tor 
prev. Then it swims upward again, at an angle, toward the surface. 
Shortly before reaching ihe surface the larva changes the direction 
of mcwenienl and swims backward until the tip of ils abdomen 
breaks Ihe surface- For each of these btlwior patterns there is a 
different reference value. H hchone ftW’i determined lhe curses 
that indicate the turning movement' in degrees of mafiiiiudc tor 
various reference posiLicsns and found that with each change of lhe 
referenee position Lhe curve that reprecrnls ibe strength oJ the I urn- 
mg tendency is shifted Up or down on the ordinate. The pt'-iinm of 
the upper and lower values on the Curse remain unchanged [Fig. 

my. 

Postural oriemalion based on statolith ore .me has been studied 
in detail by IL. v. Hdbt 1 19501 and H, Schbne Cl^di The gravity 
JeiCclOrs of crustaceans and vertebrate- cs-rvist of statocysis w iih a 
sensory epithelium On ilie hairs .it the sensory cell' rest the sijlo- 
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lilhv Pressure downward on die sialoliths and pulling into ihc op¬ 
posite direction elicit mo earitation, but a parade] shearing, force 
dow- If (he hair receptor* of the left ttfttocyft are bertt outward in a 
(luslsa-m, a turning tendency to ihe riglu v> iifi reaped to the Incigi- 
1iulii.il a';is is Tdcascd. If bent .nuard they cause turning in Ihe 
OppcVute direction. With tirtilat-fTal remov*] of (he entire (lut^i 
fish and crustaceans tuns jIwiui theii tongiiud iiiat itxis in the dirce- 
linn of the injured side. £. v. F-lolsi thought ill is was due to Lhe con¬ 
tinuous activity of the sensory ceils in the stutocysls. Normally these 
continuous dischorg.es of impulses in the left and right slatocyils 
carted each Other;, after el i mi nation of the slaLocyst on one side I he 
turning tendency in the opposite direction bGwfrte* manifest. This 
iftterpneuiinn is supported by ilic results of experiments in m huh 
sharks. whose Statohlhs uene removed withontl damaging She sensory 
epi(helium, showed iso tendency to luris IS. S. Maxwell 1923} Crus¬ 
tacean-* without sialoliths. in which one of I he empty sUtocystS had 
hcen removed, lurned toward the injured side (FI SehOne L'Ji'JjL 
the discharge* of reeling potential* or (he s*n4*3<ry epithelium 
on both sides e-juse, aCCOrdartg to these findings, opposing i-urning 
tendencies which cancel each other. The shearing forces in the stato- 
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d^icuan dqmAwANi, a il» «&*« «u>v* i» ■BldrtNd tfartUJ* MpwJtrJ i-.-.Yiin*n--°j ma 
IN Nunwig pai«n and lewig IN p 9 N>NK 0 ?nchdrfxv Ik cuivb (ot 

Ih* tJ.^n-.vjrd lirccJho'i >1 iNlcti |rtr*»K wi> #gj»nu ih* cmvt i» IN uiwnpnJ d^ocion 

IN ruVvica vrtaps V IN feji.inytk at* cNn^ed by ce"5'i! w¥tHi® ®r-i^ !>«»'« 

»*Ki-nfl ;lw wjn-ir.j hn-drntin >n {4rt«*W(!i«i w IN H«Wm <jl m h » «cnJanca 
All qunNig iimdtnoiM wo ^cppst*) fir IN u™ viftm >n iN sin #r«r.Qrt iFrnrti 
M. SiiNn# [l 9 fl 2 f.| 
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cysii, uhnh emanate from the sialoliths when the jnmuil (urns, in¬ 
crease the rale or discharge of impulses in one direction .i»d de¬ 
crease it in the other according, to Ihe principle represenied in 
Fig. 227, 


4l rj(dm^ 


bl W.teri I. «ls Stm^i,:h 


j] L»tL Sinci'*^ •'J S*™«Y 
tCidU YYM 




fijurt Ji7 £-*npl» cl a *.-*{*> («««* Tte preset tfl poste-jl v^- 

UtiOO wr^ Ih* Jd Sf The. 41*1011* JpO*i.jlvS m w*lit*b!*S Th* ter-tel £KriJr.cn 
labh-s - C 1, | i me •;.pac!«d pcsi!<rw\ a-' lulling rewathc** iwi sc iaiuia m ihrt j*r«o 
KB«"Tn. Tb* :|.jjr.j^j ol 1 Ite 'an rcw [tj show* Ihe e^etetjcj values n ’ha si*q*pi 

W 9 *bS. 4i Stey £**■ W 0 #|<umirt#j) in 0 %eCiDpV r sofcig*c#l cip*r*-ncn|* !rc*ii r*ci>-[li'*js 

-ol sa-iglt liters; ite Hte ite evtet iyffOiAJt ih# &*e *i*i<rtin etQtnt *r£ 

ih* Hmoi eprheAa, iiaiolah bon-es. *vd lha thMV or csCiukhv cuiwui. Thu Stearns 
lore* flt Ite si-aWMh mass mootes ite rale 0< Otchai je d! ite impulses *ffliehi emvewe 
ii^ni ns* 4*nte*v I* ite wm* «?" i7> ste nsphsibr^at of r*i* 

ion-.h r' teiMfifb rte csciia^on tf n-'ih irtd*vidual iv^ats. and ihn ntul-oj ru*n mj 
landerey is po>pei«d The lurn^fl reotk-CHres ot boih sites **# «o id the tetung 
icrwtercv ot Ite err** awte 4di#g*an-* 3|. tec t$ji«» above tea curves .»uj1r*‘c Ite 
Bpproteaic aotdite rtec!ons. wh-:h CJjneSpbrwJ 4b Ite PuirUhg lbhOSA<n*S ib Ite 
■♦intern bl 4 aijrrSiva -n.irrrt*l I hr 1*1 i*prrT»nl * r*»m* .iri-njl; (60 rrtfKb- 

s#m *e ciwrtbJ ihji ik4 as ten rwteih mim. tea whose semerv * «+ 

niati; Wt i*P'*s'*i an amnat w.tete tell wnm ntt-sucnim has tea Ismm t*m<**d, 
tte curves show rte rdarngrtstfeps jiUm eve ofptycinic taiei-efipeaiiog- 

compeosatarg p , uoo»*ei can* ai a shrfwig at rht ruiivng ifn0encY tew dtenwied: 
ri |h«» curs acmes Ite raro -rv;. The- li'n.aBy conlinuoush 1 occuriwfli roiarorvs erBnhjBSf 
Dome fo a «ev; n ihq. posten |From N, &:hooe |1965i-l966|.5 
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Main animal* also orient ihemtcKcs jesorJrng (if- ihc diiwoon 
Li^ Jietn incidence. tu nsh £. v. Hadsi invtstigaieJ. ihis iDieuraiion 
uf two orientirtg mechanisms. Fish turn their dorsal side ks (lit 1 1 - hi 
and a-ssume a slants position tofujfd the tight when ii evme* from 
the tide. Tht> danced posiiiim i* ihe resuhani of stimutation received 
ftow ihe eyev and Ihe slaiotiih oreanv Chants of (he endogenous 
condition can l-e^cl 10 a dill'ereniial es .ii nation of the ciptaal com¬ 
ponents. which is (hen expressed in a different pcmturalanek i Fis. 22S-I 
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Distance orientation and migration 


Distance ctfinrttatiori has ahv;iya been of special interest |G. Kramer 
19611. Many animal* are capable of finding a goal which Ehej tan¬ 
nin directly perceive, md (heir achievements during 4 0 . 1*1 migrations 
are ji times aiioundini'. The golden plover [Piurialis iiomfmcusK 
whlfh breeds along ihe northern shore of Alaska. migrates Juiing 
the fall via Labrador li> Argentina v>iib a flight aver Ihe open ocean 
front Nova Scoria v? Guiana. Ihe return flight tv across land, over 
Ceniral America. up alone the Mississippi ftn'rt toward (he north 
The long avis of Lhis migrator ellipse is 11.000 km long, I he Mon¬ 
golian plover migralfs from Sihccia to Australia and Sinith Aide**. 
Fieiire 219 prawn fiat) wttfvinw of ihe c&traordinary migratory capac¬ 
ities of som* American migratory bird'.. fi. Stee^mann UW-J.i com¬ 
puted ihe work performed by such .1 nugfanwy bird, on the j'-'mup- 
(aOn (hat a medium-sired ujJmg bird sulIi as the coldcn picker 
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flirt 2b rate lc is per second. arid makes two wing beats per weml. 
The distance of 3WO knt. which i-. ihc shortest distance front the 
Aleutians 10 Hawaii, would require Jj hours. during which ihc 
bird would m>*t i» wings up and don n, 252JOOO Limes. The Amcrum 
golden plover requires .ikmi 4ft htHtfs for its nomstiip flight from 
Nova Seolia to South America. 

Europe?4 itwhi migrate in iwo groups. Storks that lire west of 
a line emending from Leiden (Hollimd) to Giessen, Vt'ur/hurj;. and 
Kcnrptcn (Germany) move westward over Gibraltar to Africa. The 
eastern storks % across the Botporat (Turkey^, the Jordan Valley, 
and the Golf of Smi to tropica] Africa, knowledge of the general 
migratory direction at innate; Ivri^t PruMiun storks that lud been dis¬ 
placed i* West Germany imvsed low.irJ iT.l- MUithe-ni when released, 
that is. in the direction they would huve taken from their original 
home location, in order Id reach the Bosporus and- lia'-i Africa, On 
the other hand, when ynung East Prussian storks made eontaet with 
the resident West Gtrwn population*, they (V* wjth them in a 
southwesterly direetior. 3rs this case they followed the group. 3he 
Baltic starlings winter in England and nonhern France. To reach 
these areas they must migrate in u southwesterly direction. This 
general direction is inborn. because voting starlings that were dis¬ 
placed to the latitude of Genoa (Italy) migrated to ftpain. If ihe 
san«c citperinient was made with experienced Stirlings which had 
ernee migrated from the Bciltic to England, they corrected rheir 
course to compensate for the displace men! and flew northward from 
Genoa to England (A, C I'crdceL l^5Sb: E. Sehtlf 995-2J. Graying 
gees* learn Eli i: migratory route Minch from ilipir parents, whom they 
accompany. Without ilieir lead they remain where they were rjaw'd 

Other groups of animats also perform re markable rittg.fuWfy 
feats, Salmon return from the sea into the small rivers in which they 
jpaw-rted To return they swim against strong current for hundreds 
of miles. The Atlantic green tar lies (Chetvur mys-itt) regularly visil 
small islands in various places of the world lo bury their eggs in the 
minis. Marking ceperimeiib showed thal turtles which feed near the 
Brasilia rt coast migrate to Ascension Island, 2000 km oul in ihc 
Atlantic (A, Carr Ifill 

In alt these examples the question arises as to ho* these ani¬ 
mals one nr during then travels. Some migratory buds orient them- 
wKes by utilising landmarks, hul many earn du without these, fhey 
maintain a .sped lie direction by orienting t Ik mselves with reference 
to sides or, as more ween I work indicates, by using (he earth's mag¬ 
netic held, The various kinds of compass aiieiiiahints will be dis- 
eU-sScd. 

Many migrating, animals use die sun as an aid in navigation. 
G. Kramer {]9$2. IDS7. 395^} was Lhe lirst to demonstrate Ihc use 
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of ibe Min iLs j «jrtiipjss by migratory birds Hi^ caged birds, which 
showed migratory restlessness, fluttered in the same direction inde¬ 
pendent of optical landmarks or c ar 11 > magnetic ini1u«ui«: in the 
fidl iau,4R) the south and in ihe spnnc toward the north. They 
oriented themselves according to the position of the Stir. When 
Kramer deflected the stirs rays with mirrors by a specific angular 
value in ihe horiuultal plane the birds compensated their directional 
tendenty by the S»me value (Fig. 230). -‘starlings are also capable 



triji h «mai 

of compensating for the slow movement of the sun during the course 
of the daj'- Starlings tbuL hacf learned to obtain food as the same 
11010 of day in a specific direction in a cage chose the same diTCC" 
Eton at other Limes of the day when the sun was in a different posi¬ 
tion, Three of these startings iba! were trained to respond to a spe- 
eitic direction were tested by Kramer in a cellar under a Used artificial 
inn. In these conditions the direction of choice changed in a lawful 
manner over time. The birds behaved in accordance with Ibeir cen¬ 
tral compensating mechanism as if the san had moved by a specific 
* mount (Fig. 231J, 

This ability presupposes a precise internal clock. and ihe e.spen- 
meats of K. ElotTmann (1954, I960) show that the mechanism ib.it 
underlies circadian periodicity is involved. This Internal dock, which 
is w.i important for orientation, can be nisei by an artificial light- 
dark alternation sclicdule (p. 3<M I. Iri a starling ih.it had been trained 
to seek food in a specific direction, the choice direction changed ac¬ 
cordingly. If a bird had been trained to a southerly direction, before 
its internal dock was reset. then it chose an angle of about 45* to 
ibe right of the sun at 9:00 in the morning, and at 3:00 in the after¬ 
noon it selected the same angle to the left of lire sun. When the day 
had been moved in such a way that it began 6 hours later than 
usual lor the bird, then the early afternoon became the subjective 
morning (Fig. 232.1. Iltv results of Hulfmonn"* cxpcrinwitls cor- 
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fsflura 23 I. 54»« Ql (lIkkw msM bf ■ iiwWifl tMI w* u»n#tf to Ptt w*M «" h »" 
talA. Atmii. '<4lerC9 & I*** 1 -J*-! ' tim ! '• -. I'liC a- , ' ‘ Ijji? .illi. cnoops 
iha! HFiufens ^ aPni® rood; Mffiy e«fci«. cN*e*» >**ikius <whi *ia**. btocia »•* 
CMU rw If* (HT^HKV, hirlwl * x - * 4«<W «« 0*«l eo«to<ted 

Jj> tN0v*j 6lt£«A CCKTKMd, 6 Kn*mei [1952|. 
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responded ci4icll>' lo this precfieiion in «s?cp«rinvcnt% in which the 

■6-tkiUj-dLi i.lCiliii from Mil- normal daV was used. 

. 

When [he artificial day in again brought in line with the aclual 
Lime the sLarltngs also made their choice according lo (he existing 
situation (Pij. 2333. Tbit demonstrates that (lie wm pension for 
the movement of the mui depends upon jii endogenous physiological 
clod which is synchronized with local time through the day-nighl 
cycle. Under constant conditions of continuous illumination this 
orienling mechanism continues to function, It is therefore not set 
in million by an external mtgeber (inlernal clock) whirling on the 
hour-glass principle. This dock shows its own circadian frequency 
under constant conditions (p. 392 |l which deviates somewhat from 
the time Dosed on the rotation of the earth, By wailing long enough 
one obtains deviations which are similar to those achieved by arti* 
iici.il resetting of the day-night cycle (Fig. 23 d i>. 

Rial birds utilize a sun compass during their migrations can be 
indirectly deduced ffWrt translocation experiments. which were %uc- 
ccuful only during clear weather. Under cohered skies the birds 
were unable to orient LhemEclvcs(tj. Kramer 19bI; i > V. T. HalLhewc 
J9J5; J D. CaTthy I95bi. According to (he findings of A. D. Under 
and Tl. O. Schwassivurm tlbbOl, II. F. Winn and others * 17M i and 
W. Braemer [ I9tt0), fish are also capable of using the sun as a com¬ 
pass Lizards (LfKfrfti riritiis) (K, Fischer l9ft|| and lard and 
water tiinies (E. Gould I9S7: K. Fischer 1963} are also capable of 
ibis orientation. Salmon can also utilize the sun as a directional 
cue, An interesting, innately programmed control of orienting 
behavior «« recently described by C. -Groot |I%J) who iimili- 
gated rhe migiurion of salmon ( Oftcorhiirriwi wrAu) from their 
spawning grounds in BuNne Lake (Brili'-h Columbia J to the sea, 
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Fiyijlf 3.3.3 n#4ull :':! KptMneflH Irt wThC/i ihf rfWQinjS Clod Ml Clumped Ht HVtnfl 
!i*A$a li> mew A 4 w*n OUKTCA. Thfl 11.1 rt -->9* aw |r*"«j r.;. i^.jirh <p i>mj 
a ih* |Ajih ft titfft {>) ChAC« dump ir«M(’ Ml* nalurjl dfeigM eiWKM»orid; 
B# (Iwn glter 13 19 1 $ snuliMl d*,-i, *y-:M ww *Mt*d 6 hwt Insm |h* KMl 

lr(TM Ol d»r J*» ■tfriaewi'’- Ol »n I tv rt ll>.« W a (cl 

‘At'jiiwif ajJA KlIH It-* Of>fl njl (1 i«r<JTi Thfl i&ge c-cln TuT-itKjirt |‘w i IkX-i F'lu.l- 
r.OJi, she hjH-Cf'ci« tv I,;.:=d cupj i>h**i vw *rn&i. ti.F,iW| ihH r*»r»j Each dm 
i«[y*s«Ar5 one efwte. The Lied aficmts iftcrw «w am HM-teg ewwi, it* t^'pin 
«ip 3 wi )fq» Ihn EilAAJ d*KI4fl jCim it-* arMlciri .;H IV dJTr 

k [ 1 ge5] I 


The IjIc system has in any branches LhaS the ywMig which 
vttic born in various pans of Lhe lube ini Hally migrate in dilTercsil 
Jirecrioni until they reach 11k KWMKWn riK'r which lleadv tn lhe sea 
SKig. 23$). I )kv origin eoi by she currents but hy she sun and oilier 
Mill-unknown cues when She sty iv twereasi- One group from one 
of she arms, of she lobe sAIOrrdOrt Lake I ha-' lo m if role wwili souih- 
euvl lo reach Ihe ten from this. lake, then Ivnl 1st) in a tiorsh north¬ 
west direction. white oHher groups from she lake can simply roam urn 
a general northwest migratory direction. Young Ci^li ihat were caughl 
in various parts of She lake ji slue beginning of ntigraiion and were 
kepi in round or octagonal aquaria nilhou! -i '. icw of rise horizon 
under Ihe open sky oriental ihcmselvcs according io she direciion 
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Figupa 53*. d Ow rftjihrri a! tacQmcigf ,i< ! . n Urn #ni1 Ir'^r'iy $1 

cN^clon with th# #*d ol |lie Hin jir^f ncMittfivK* undw ecnsiiffl hgfn and itmppfr 
lur# ecrtifl^yii. A: The Hfflng hi e i«|irnin;Kl Of- in opto £«(*. vii'Mig Wij i 
Jin w.ih i«(mh.i es ir* era*: el *£Erviir Wh*ri :iw eftt+; <e *tiw', ttHirelrt ler be"!. 
# in« a d\ivri rVo-jgh !tw don {Tauharehed- tin«*t ijf 4rfcn«u Stal nn*#** iihJi- 
cji* il» iiree c' ;hc choce r«'s, v^h-ch vi *hc*n •" ini ano !cf. B- D>mc» imi tii_r- 

■ngi !*•<• 1*1** ot 6 »an,r>jj in 4 ivfmal day Ml. alter 10 1C ll I dips IPTder ctjnalsrrl 
eerekiijfl* lot *xi <Iy'!*3 *n .niAcmi ft*-. which «b ttfKtawhMd win ih* msiLifU 
d&p |li. LL Loniiaot i.jh'., Liy wc-it (■jhi-iMri tfrfnaicn. •w'vth idiri'Spfrsdi eq *ha 
dd«r.j/ tfjh. c»eto. Ctrnr-pet-ii .vrens show die cLretiofl oi irMwigf onnniluijal 
aironvs in# average d^#ci>cr at chcicra nri»e <■ .Adflii-cr.’i e<cfii|ieM .ym in Fig 733- 
Ie can be seen ham ihe Igure chai it* acivir iPri'Lhn cclu<i TV houi teona 1 each 
d*v *nj ihai rtn dre:ion of chocs sh-lle Btccedn^V 1 . ifrom r. Uoftr-.&in jl966|.i 


of ci 110 fi 11 i =. 111 which their felloYes showed m Mac various parrs rtf [he 
lake: for example, these Eront Morrison Like in a southeasterly 
direction. Shose from 1 he main Lake in a northwesterly direel ion. As 
linn; passes I he orienting direction of the hsh from Morrison Laic 
L-liunJri. similar L~jham:c from I he pi 1 ; Id Jr e J di reel 111.11 v, js a Im 1 oh’ 
served by C. GiiHH in salmon from another lake as Ehc migrating 
Staton progressed. Here there was alto a wrrexpomJcnc’e of the 
change in direction rn the natural migratory route, which none of 
the lish had. previously traversed. The way home is found by salmon 
by recognming the odor of the waters in which ihcy were henna 
(A. f>. Hasler 1960 k 

Bees orient with the aid of the sun compass. They leant (be 
direction of (light or obtain the information front cvnopeei-hp' (p- 
IJifik In various speews of wolf Spiderv nuts, and water bowmen 















0 STANCE Ofl>tNTAS<HV «’iO MiuSATlON 


57 S 



Fipui*-23? Sl«rtM> five- •.yu-r-i T«.. .■ : r.v- tr* nupvs-gr • - r 

MlNHjrs H«Hft B.Www R»#r anm ah# ,fr#m ( freei [H 965 ! • 


j iun-comp^i reaction could also be demonstrated iR. binder 
[ r . Pa pi 1959. G. BiruJwfW and li liussh I9J7). 

When ihe sun is centred bees are •■bic 1o orient themselves ac¬ 
cording ici ihe pattern of polarization of a pan of ihe exposed blue 
sky (K. v. Frisch 1950). a capacity that Jus meanishile been demon* 
itnied in other arthropods as well cK. v. Frisch. M. Lindauer. and 
K. Damtr I960t. 

Quire retractable is ihe orientation of the beach hopper (Tainan 
jaHa/vr). which lives in and around the waterline of beaches When 
displaced inland ihe .animal escapes toward the sen using compass 
orientation with respect to the sun and eoropensalirii! foe ihc nnene- 
ment of the sun. The appropriate compass direction in which 10 
escape is inborn in Ihc respecthe populations that Itse in ditlercjtc 
locations (L. Fardi J9fr0l, These Beach hoppers" offspring who were 
raised in the laboratory under artificial light and whose pci rents eanw 
originally from various different locations, and toot different 
escape direct urns in their specific localities, spontaneously chose ihe 
flighL direction of their parent populations when placed under ihe- 
open sty. At night ibes oriented themselves hj using the intnwi <!•'. 
Papi and L. Fardi 19.59, J T. Fnneht 1961 1 Some niL^raimy bird.* 
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(hat mij£r;LDe al night, sueb as several species of warblers a ad lirvscf 
e.t?y shrikes. orient themselves by the sLara. They are disoriented 
wJnrn bJic sky is (ot'crsd wiih hMj, M llwy flpe able to maintain 
their migraEOfV direction 1:1 a pkiricljmjiu i-nder an artificial starry 
sky They apparently orient tirmsdvn to (he patterns of the fixed 
stars Moonlight disrupt’- iheir orientation (F, Sauer and I: Sauer 
1955. I960). 

By means of photopcriod manipulation St, T. Emfcn (1%9’S in¬ 
duced die phyij&togjCaJ Miles of sprang and autumn migratory 
readiness in indigo huntings Ifatvrina crewo). He tested the birds 
simultaneously under .m arriflrial spring planetarium siy and found 
that birds in spring condition oriented noflhw.ii.rd: those in autumnal 
condition. southward The results suggest that the seasonal reversal 
of the oriemtative urncteiKies are brought about by changes of the 
physiologic^ slate of the hurds rather than b\ Llillerem.es m. the 
external slim ulus situation. 

Whether some animals can achieve compassorientation by utiliz¬ 
ing: the earth's magnetic Held is Mill disputed. The direction of crawl¬ 
ing of the snail (AVanrilw vfrwitUr) can be influenced by the intensity 
of a magnetic field (A. W. A. brown and H. M. Webb 1960 k By 
changing the alignment between a magnetic and an electrical lie Id 
F. Schneider {1961) was able to influence (he aelivity of the cock¬ 
chafer ( iMofotwfw mfftari i). According to G. Becker (196-5J diplera 
reacted to changes in the magnetic field, That some birds may utilize 
the earth's magnetK 1 Held to find the direction when Ihey migrate, 
which had long heert suspected. has been shown probable by ihe 
recent experiments of F. V. Merkel and W. Wiltjchko (19651 and 
W. Wiltschko (l%S| They were able to influence the direction of 
migration in the European robini in an artificial magnetic field, 

Special pfohlcms are posed btr true ntivigirlrun, that is, Ehe ability 
to find home from an unknown place. Homing pigeons which have 
been displaced for hundreds of miles and which have no sensory 
contact with iheir home region find their way home to their loti, 
but only when Ihe sun can be seen (G. Kramer 1952. 1957; II. G. WaLI- 
raJT L%ObJ. Pigeons that have been raised in cages unlit iht?v were 
tested can do this provided the cage was in an open area and was 
constructed of wire mesh (FI. G. Wallralf W7). Just how ihe am- 
mals determine the geographic position of Iheir home locution and 
then compare it with the location it! which they are released is u«> 
eapLiined to dale. There are several hypotheses. htiL according to 
II. G. WallraFf (1959, 1960a. 1960b) they arc not convincing, G, V 
I Vial I hews 11955> developed the san-ntt ligation bypotJusas accord- 
m • to w Inch [ he bud know % ihe path of the sun's nnwenieiiE at its 
home location. When circling over the releasing point the bird is 
■Mid to Lake aigniitanoc of a part of the sun's path from which it 
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tJd determine ifLC apex of the sun in ihji locality. hh unrparing 
ilic highest position of cti€- sun J[ K,nli pj^e-- ihe btrJ would Lhen 
be aWe lo compute the geographical latitude of Li* position, The 
hirJ is. disc aid to remember the Emm j< its hLimc locality. mi n ^uld 
also compute the distance- of the displacement \\ m|i Hum; mod ilka- 
Ew>ns C. J, Pennyeukh (ISHM» supported this hypothesis, which pre- 
-lippo-c* ihe of an extremely precise internal dock; it 

would scent to hi.- improbable for this reason. 

Acwriinj ||> F. Sauer (19?*. |»T. 1961 1 kvm whitetfiroais. 
blackcaps. and garden warblers can navigate by ill? stars, j ttmclu- 
ston that Wallrnflf is unwilling to accept on ihe basis »if a stuMMiml 
artaty'.i’. of Sauers Jala. Ihe more recent insesllgaiions of F Sauer 
4 196L1 however, further support asLron.o igallon. Accord me to IfifM.' 
finding.;! star orientation involves more lhan a simple compass urihi- 
l.ilion. Although we are relatively well informed about Ihe compass 
orientation of animals, we know very little about ihe miduinisnis 
underlying true navigation- the ability to find home from an un. 
known local ion. 

Frequently more (han one mechanism Ls involved in theofnoitsi. 
lion of an animal 1 . Salmon can use a snn compass, bul also stimuli 
from currents and finally the odor of the home river i A. Id. H.oler 
195J. 3956. I960J. Eel larvae (low itiio ris er estuaries wiih the rising 
lides. With falling Lides they sink, to the bottom and are thus pro¬ 
tected agamst bring washed out to sea again. They react innately 
10 I he odor of speeilk substances m the inland water, and il has 
been Lleinoitstraied that the ■■aline concentration is not a factor. This 
odor keeps ihem at ihe bottom unii! seawater returns, when they 
continue iheir movements (F. Crcittzbcrg 1961k 


Proximity orientation during locomotion 


During iheir daily excursion* animal* orient llnur-clvc. hy various 
means. Manv insod* and mammals leave (tdiir trails uhen Ihtrs 

e ■ 

move about, which serve a* their orientation jp. 31 uK 

Acoustical orion I a I ion exists in the oilblrd* 1 Sitci/omi'-i-, many 
hats, porpoise-, a ntl prohablv W. edell w a M Lrpm* i chimes) (l>. R. Cnf- 
rin 1MB, mi: F. P hffthrrt l«»: W. F. Schevill 1953 W N Kd- 
higg 1961; f. Schwartikoplf I96J; C. Kay 1966b- F.lei-t«iv.ilorientation 
with the aid of self-produced electrical fields is known m vvi-0 fit 
some U*h. The Nile pike iCy/mufc/wt wfafttwl. which Imts in cloudy 
water*, sends oui an almost continuous senes stf eicctrkal impulses, 
approximately 300 per second wiih a vnlijgc of 3 to 7 volts I he tail 
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betomK negatively charged wills revpc-ti to itic head duimj :i dis¬ 
charge. The lish are very ^ndlgve to Ihe changes in potential in Lht 
surrounding water, A drop in ptfciVLial of as. iiutt as 0.04 millivolt 
per nntimelcr is sliM iisJ L -J to. The rKli is able m detect and 
focalizc the sound of disruptions in She electrical field wiLh Ihe aid 
of its electrical sense (H. VS. l.i«nuiiiq and K. O, Mae Jim NSdi 
¥. p. Moines miy. 


Change in the reference value 
during active movement 
('Vreafference principle”) 


(iricnicd behavior ill space is only possible when an animal can 
actively ulit up a variety of fmsiures. This requires special mech¬ 
anisms. I III passive Jish resting in its normal position is tailed, say. to 
the right, the increasing shearing force of the sialolith on the sen¬ 
sory surface of the labyrinth on this side results in increased adivity 
m the postural center of the central r»cruoui syxiern. Ami this sets 
In morion ihe motor movemems that bring the fish back to its 
normal position. Under such experimental conditions this postural 
relies, worts untiringly. Uuring. the normal adivity of Ihe lish. as in 
the search far food, however, spontaneous tilting movements fie* 
sjuently late place, Why, in ihss case, does the postural reties, fail to 
pull the fish bach automatically 10 its normal position" 1 According 
to the reflex theory; it was assumed iliac the posLU/al reflex is blocked 
during spontaneous movement. It can be shown by esperimcnl that 
this is not the ease. By placing the lish in a constant centrifugal 
field, it is- possible to double the shearing force that the statolith ex¬ 
erts on the sensory s nr face of the labyrinth. Now, if one measures 
the frequent, spontaneous til Li ng movements which the free-swim¬ 
ming, fish mates, one finds that they have decreased in magnitude 
and that the tilling movements become less. the heavier the slalo* 
liihs are made. Thus the righting rellcx is not blocked during spoil' 
taneous movements but is dependent upon or regulated by the af¬ 
ferent kedbaefc which they cause (E. v, HolM and others 

Likcwisc ii was assumed ih.n optoim-tor rtfttrdm Mocked dur¬ 
ing adive locomotion. Again it could be shown ili.u tills is not the 
case, Ihe fly triuaiis tineiili optically by fixating its visual field 
when in a reeling position, If a cylinder pmnlcd with vertical slnpes 
is roLaLed arwtiJ ibe %, it will trim As a result of the optOmOWr 
reflex in the direction of the moving stripes. If iIil- fly moves spun* 
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taneously in ihe resting cylindifr a van make many turns- w rctiout 
beiug forced io rein in io ats original p^ilion. although ihyre i. a 
displacement of relin j I images Fn.im i hr Luvinm men i, The opto- 
flKUM reties. In eh is case does nor interfere with the flys movements. 
H Mitldsiardi {19S<I> turned ihc head or m Eftnaht 1SU dc*r*«* 
and fixed it in this position 10 the thorn* tFi_c The scijutriLx 
of visual elements hi no* reversed. *a the animal turned ui the left 
whenever the Striped cylinder iurn#d HJ I he ri|ht. If active mows- 
menr would fesuh m inhtbiltcm of the optomoior rcAexr* the fly 
with the reversed head should be able to move In the resting strips 
cylinder. Actually, however, when the fly begins to move spoai- 
i n rseoudy. it now- moves alternately to the right .and left ui small 
circle* and finally nope in a bent posture. 



tifiuru 53&. jchorr* o' a Mv *vtrh 
rwirnii h«td EBH.yi and _ ha 
Nrid turned 100* Maour ;ha Sc«gi- 
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rh* Mt ey* (L) di-O ti^Si tor rde 

«-f* (fly When a ll'ME S’! 

■1 lyrn»(} Sc [he rig!i[ rt’I-jl SftC 
**^1*1. 4 W* l(.fd W Ihfli right 

ms head d -a P's ncytna 1 
DiSdon rtj. Whan irva r*id .* 

■frentsd d <*J| luri to the iHl I6> 

•v«h raipact to IK* Krtpad wt 1 . * 
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During spontaneous movements. ihcrcfwe. the stimuli, which 
otherwise release postural reflexes, are nut inactivated hut must 
become heuiruMttd in another way. Additional experiment and 
considerations lead to an hypothesis called ihc priitclpie 0 /FetF.rft'rYJrrv 
(Ei. v. Holst and h. Mitietsiaedi (195011 

This furser foils I organization can he represented as u feedtnek 
loop. We differentiate an this schema (tJftri'/Kei. which flow toward 
rile central nervous si item, and efferent*!, which lend from (he cen¬ 
tral nervous system 10 the motor areas. Alfercnces >H turn can be 
subdivided into receptor excitation caused by internal changes, m the 
muscular system t-'eutfo'^ircl and those which are produced pas¬ 
sively by external energy changes from (he external environment 
{txaffertne^ ReaEl'e rente and evollVrmce are integrated in some 
higher venter. L. v Moist nrid Hi. Mittclstacdt pustulate Hiai with l-jlIii 
voluntary movement oF !he organism a copy of the mo tori', efferent 
impulse branches off as an efferent copy which 1 * stored in a suh- 
OfdiiuIV lower center Zj. The efferent impulse y:oc* to Ihc effector 
and ihe sense organs repori the result of the move men 1 as a real- 
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fctence, Centrally this feiffcitnce i» matched agamst ihe efferent copy 
and is Canceled. if the Intiil .ilfercilcir is 100 i.irge Or Cuts small us 
iln- result of external stimulation. that ihere remains a plus c*r minus 
value in ch-e tenter % v This is reported to the higher tenter and I he 
initial command is e-ocfespnaidin^Jy sirengthened ur weakened, 

H. %'. Holst and H. M Ette-Maedt have illustrated this principle wmh 
the example of '’space constuKy" iFigs. 237 and 23S>. This is the 
observation lh,it we recognise nonmoviug objects as slationary and! 
moving objects as being in> motion regardless of whether or nol we 
ourselves or parts of our budi.es move. For example, if m glance 
along a Irain lhat is beginning to move, its image passes across our 
retinas in the same manner as iT we actively pisi our glance along 
a ^landing train. In eilher tale, however, we know when the train 
stands still tired when it is moving, Three simple experiments help 
us to understand ihc mechanism ihar underlies this capacity-, 

Jf vc liaate an object with one eye and then move it passively 
lo the left by pressing lightly against the eyeball xviih a huger, we 
have ihc impression that the object moves to the right. In this case 
jit intentional command is missing and as a result Ihc efferent copy 
present during an active movement Ls lacking. The retinal displace¬ 
ment of the image is reported on to a higher center, an<l we draw 
ihc erroneous conclusion that Ihe object is moving. 

Next we may temporarily paralyse ihc eye rreuseles by a drug 
and ask the subject to took to the left. This movement eannot be 
earned out. hot interestingly enough Ihe subject experiences a move¬ 
ment He sees the object moving to the lert, tn ihis ewe, then, a 
movement perception takes place although there is nn retinal dis¬ 
placement of Ihe image. Ibis is again in agreement with the reaf- 
ferenCatioii principle, because the intmEkmal command produces 
an ell'erenl copy that passes to the higher centers without being can¬ 
celed by relferenl impulses, 

Finally, we can combine hoth experiments by asking a Subject 
to move the previously paralysed eye which is [heated on an object 
to the left. At the same Lime we move ihc eye passively in the same 
direction by means of a clamp ring. If this experiment is carried 
uul properly, the subjecl wills perceive no movement. HcUh com¬ 
mands, rcaflercftce and the efferent copy, which in the previi.ui-. 
experiments led to erroneous perceptions, now cancel each other. 
I his is the reason we perceive our environment as SMlRffliry al¬ 
though we actively took about- The functioning of the orienting 
■mechanisms which we have discussed so far can be understood best 
m line wiih these kinds of theoretical considerations (see also the 
excellent discussions of hus subject hy It. H.issciiiiein ||sibb| and 
N. BLsehof [ItHftba. |%bb]>- 
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Orientation toward objects 


If »■£ reach for an object., lhe grasping movement is. controlled 
automatically by the eyes. which cam detect each deviation lb the 
Itfl or right and which instate the appropriate corrections of the 
hand movements by means of complex processes in the brain. 
Whereas here the grasping movement is under continuous cm«- 
tue control of Ihe eyes, in ihe very quick catching movements of the 
praying man rids ihe rmovemeinL is noi under the yvnirol of die eyes, 
because any corrective order given after ihe initial release of Lhe action 
would be too late Lo have any effect, because of the speed with which 
the movement is carried out. The instance that regulates tbe orienta¬ 
tion of ihe striking kgs must be informed about Ihe position of the 
fly in relation to rhe head a* well as about the posit ion of the head 
in relation 10 ihe body. 

Before striding, lhe visual focusing on the target takes place in 
a very specific manner. at Was mvesi ig;i ted by H. Miltelitjedt (1053. 
1954). The praying mantis first fixates the prey with the head and 
then strikes it by bringing, forward its first pair of legs, which are 
folded under lhe prolhorax and which are modified for catching 
prey. If necessary these forelegs can strike toward the side when (he 
prey is nut in the symmetrical plane of the pronhorax. 

The mantis has a cushion of sensory bristles f L ncek organs") at 
the head joint (see big, 23d> and Ihe degree of bending of these 
bristles registers the degree by w-hieh lhe head is turned. If one 
cuts the nerve LhaL comes from the left bristle pad. the animal will 
strike past the prey oo the right for tome time. Bilateral deaffcrenta- 
lion does not produce a tendency to strike to the sides, but only- 
prey is caught shat is in a straight line with the pKHhoriix. If the 
Him sit to the right of this line the Strike misses on the left and vice 
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vcrM. ThtKfoK I he neck organs arc iuv<ihed m ihu aiming process. 

Je could be posable I tint 1h,e inform alum which dcimnm^ (he 
dirociion of tlie -strike COfliMs of Lhe additive tomponmls of 
optical and pJOpruSteplive informaEiop wicneOitras; Like shiv If the 
rnaiilii lixiiti upon a fly sidine di reals in front of iL. the im.iijc of 
ihe fly is equally represented m both eyes. and [lie repsirl from she 
neck organs is symmetrical; the catching legs iirike mil siraiglil for- 
^rd. if Ihe fly sirs to rh* riyht of [he m.insU. the escs again r«pe>rl 
synnmeiry. because the head is somed toward tf, hut in she n&xL 
organ Ihe nsilrlion coming front she right hrtsile pad is stronger. A' 
a rcaull the strike ts directed lo the Tight by she corresponding value 
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of Hijt difference in cicilalion (Frit. If ihti hypothesis is 
reel, the orienting media nktni should function if the head of (he 
rr»u,n 1is fllttd UiyrfiniCtfitillly 10 the ^Kilburu by a drop of glue 
This forced pcsiUOft would he Kpoited by the oeck urg-iipc und ihe 
animal thal was. so (rented could Jisau* (he prey by compensating 
the missing, bad movements by mewing Ihe body or Ihe legs Sixty 
to HO perceru of all strikes, ho*'ever, miss in the opposite direction 
of the forced head position: it is as if the animal did not know (hat 
its head is at an angle lo (he body nets. Therefore,, this proposed 
hypothesis c-annoL be correct. It appears as if information coming 
from the receptors in the orienting mechanism is processed only when 
the head is freely moveable. M;mrid^ whose entire prupriocepLi"c af- 
ference of the neck region was removed fixated ond struck at (heir 
prey in a welhecvfdinatt.'d fashion, one an uwme that the ex- 
citatcuy patient of the optical center. which directs the neck muscles 
and thus determines the position uf ihe head, also determines ihe 
direction of (he strike. The bristle pads of (he neck organs signal 
the actual head position, but (his information does not seem to be 
used when aiming Ihe striking legs bul only in Ihe control of the 
head-positionjnjg musculature. The task of (his mechanism is [0 
make the head position, which has been effected by the eyes, inde¬ 
pendent of further external disturbances. The neck organs I hen 
seem to control the neck smiicfccs (Fig. 240). 

To illuLl'sic Ibis Win arm ssamplo it means Ihe lolbwing: A rnas'itis which 
lutaitt upon a Hr S'ti-'iy to os Mfph i onena ns smMnfl vys io u-e r.gh? bo 
C 0 rd.n<l zo lbs amounl of rstfrHi IHor w« teciyirgd ct> otssa.fi in* haunt pos.lien 
and wfudh is rreoabrad try Ihe infiBrvaltoh on Ihe light. Qu le anlirrop^- 
norpiiCTtlv ‘r’Pn'Sife, Thu pinyirv:: ma-st.s sl-ikn* in lha ditocl an in wnich 
«t [h nls. It h«. surnod □!* Iwsacl. The kntjwlodg* about ihe actual hood pij?*- 
i«gn, which i$ available through ihe neck organa, 0 noi available ip the 
lceaiirat*n actMiaiui but a-iiy to a lower mater canter which has the task 
os making the hCHmar posoien (js#q posire-aj of tha head and tbs degree of 
hi Conation .ndependem ol ihe mochaoical strain on ih* noci mnicias. Thu 
nes been e»eei .nwnaily suwonor). Thru iha head can tw loaded *oh cott 
d-rteruhiij iiorjiioin)i itoce (by a'lischm,] sms 1 ivetpin^ before me aecuracy oi 
ahn s-tihe? 13 aH«ied ih btmehtiadt I953:i0fti 




17 TEMPORAL FACTORS 
IN BEHAVIOR 


Regularly recurring evenii. Such a* ihe changes from d;is Lii nigh I, 
high and kjw tides. changes of the moon and the season*. and 5a 
an, are of greatest importance to all organisms. Those who knuta 
animals are aware that differcm ar e active at different time’, 

of the day Of nighl- Some animals move about especially daring the 
mofrtmg arid Ocrtitijs hours, others are active d urine the day and 
sleep- Lbrough the hours of darkness, and animals a olive al night 
rest during the day. This is as Hue lor Aquatic as well as for LmJ 
animals {Fig, 241). Sometimes an animal changes from. being .iLtive 
(iuiinc the day w> activity at night during the course of its develop¬ 
ment. The lonoiscs of i he Galapagos Islands feed during Lhe cooler 
evening and night hours when they arc young. At thal time Ihey 
can even eat the dry grass bemuse il is covered by dew 1 , lit eon- 
Hast, young badgers play during the day in front of Iheii den in the 
sun Only gradually da they shift their activity toward dusk and 
night I has is accompanied by changes in Ihetr behavior A young 
badger which until then has been quite truning becomes quite shy 
during the day. hui at night it is much less nervous (I, Eihl-Libes- 
fcldi IVjetaf W. kuhmo llRiShl observed a similar son I id cnee in linns 
durine. (he night in the wlIsIl during lhe day they exhibited a much 
larger flight distance 

During lhe lime ofte^t and sleep lhe locomotive activity generally 
comes to an end. Lhe elcctrfe activity fuLLcrn of the hrain changes, 
and lhe thresholds of the sensory organs are raised. Often specilk 
deeptng postures arc adopkd. and, a number of activities continue 
during sleep, for t.cample, nuttinating. M, Holtjpfcl HWOJ pointed 
to the fact thal specify motivating mechanisms underlie >1 lt|» be¬ 
havior. causing ail appetitive behavior for sleeping- Ehe sleepy 
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animal scarehn for a * keeping place and performs, a number of 
pnpifjim aeu. iperiie for (he speeb E. v Holst and U. v, Saint 
Paul 4 39*0 1 induced sleeping in the ehickefl ihirough tkettrica] stirrlM- 
latmn of certain points in the hypothalamus. W. R. Hess [1954) in 
(he '.jnVt manner released sleeping ip the cat- Pm further rcfefencei 
about ih< physiology and ethology of sleep see I. Alima on (1466) 
and G TembrocL rl%4). 

S-s specialism 2 in actis iis at dirFcreni limn, day-active and niehl- 
active animals till various ecological niches (for example, birds or 
prey>. Many animals that lice in tidal *ones must seek shelter for 
several hours before and during the time when (heir home range 
is without water to proiecl lUnmeN against. dedication. The 
crunmn of the California coast iL*tif#srfies femkil must be ready (.« 
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« high tide. because the-. ban lheir egg 1 ' in the >.tnd mar 
she highest line reached by s!hc wj,tet. Animate ih.j.1 are active dur¬ 
ing ihe day irnsii go to ihcu resting place for the mghi before ft is 
lo» late: frogs nual be .reach to male when, (he »»»i mdl. in 
>htwi. these chuses musi not iind the jti.ri.ii> unprepared. A' ■»« 
no*' kMw, many jnimaL species are adapted irt their eisdufenoui 
activity eyclei TO the periodic changes m their essuonmenl I he M- 
Jvotir rhvihms have been especially udl studied .J Vscfn.lT 1962, 
1964. ms. ) Aschoff and ft. Wever mia; H. RcmmuJi 1965 1 . If 
one registers (he activity Of amnuh in experimental ages- one gen¬ 
erally observes a distinct M-hour penodictly L. wall} it is accurately 
synchronized with the normal day night cycle If ihe animal’. are 
krpi tinder constant conjiiiofu of coe.ii.num> light Of darkness a l the 
same temperatures-, they continue to show periodic activity, but the 
length of the periods deviate somewhat from the normal M-hour 
periodicity, Thii proves that the periodicity i» endogenous and is 
ad induced he environmental (actors. Species that are uctavc during 
the day and night behave dilferemly tinder ihese circumstance*, 
lender continuous light Condition* the lesitfhi of the period inexense* 
:n animals that are active at night. Jrt.1 it is shortened in those 
that are active dunn: the *!*% *i!h an increase in the intensity oj 
the liehl To the contrarv. during continuous Jarknc" the length of 
ihtr period of activity decreases for animals a s ioc at n:chi ar.d be¬ 
comes longer for those active during (he day lAschotT* rule. K. 
Hoffmann 396?. see also Fig. M2. The internal clock >:H the animals 
runs faster or slower in 4 lawful manner approximating a 24-hour 
rhythm, which Ls why one ’.peak- of "circadian" rhythms. They have 
also been demoni!r4Led in man tJ ar.J J? ^cver LWZbi 
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An merest in the fcllumnnalioit determine:! not only the fre¬ 
quency but also Hie total amount of actrvily and Hie reLalionship 
ol the autivi Ly li r»c to ihif period rtf test This Is achieved in such a 
way that the amount or activity and the relationship of the active 
and netting periods is positively correlated in light-active animals 
and negatively correlated in night-active animals- with the intensity 
of the illumination f circadian rule. J. Aschoff L'sKto: see also Fig 243). 



1«2 


J43 Ac- frf'r>oi nl rvso O-jN -TthK -Ifnrsgua crt+'fci) jnw ro"ila" p 
ifj'inp carauni Hkjmifijiiora el 6, 0.2, *"■! fc his. PiH-oet hcIMy ■"(. a>d 
'es-ry i^na arc- «Khc*i«l b\ t. (fron J. Aki-wH a*K) C Wowr |l9S?a|.,i 


The fiI LSIJk. ill rhvihiti is apparently inborn in many instances. 
Chides that have been incubated and maintained under constant 
conditions show n an the same way as do liuftli and mice Lhat hnvc 
been bred for sever nl uc'KTfttiuns (J. Aschoff 1455 b, J. Aschoff and 
J. Meyer-Lehmann 1.454; K. Holliman 1459: sec also Fie., 244 |l 
L iKtrds that had been hatched in an incubator under temperature 
and light pcrkuls that corresponded to a day length of 16 and 36 
hour*, respectively, exhibited the normal 24-hour rhythm when they 
were tested under constant conditions, just as did control animals thru 
had been Lep-l under a 24-hour rhythm after Ihey had hatched (K 
Hoffmann 195V), 

If a human heitij Is catsftilly kept isolated from all environ- 
ineniaf inlluenee?, in a subterranean bunker, one can also observe a 
spontaneous frequency |J„ Aschoff and K. Wcvcr ]9fcjb; J. Aschoff 
1966.1 Man’s periodicity is also circadian, thul is. it deviates slightly 
from the normal SJ-bimr periodicity, which proves its endogenous 
origin | Fig. 245). Ei was a I so found that various physiological processes 
































SiMFOSAl. f*CTMS IN BEHAVIOR 


353 


At I 4 '« M 


F ...l 


food 


Ft*^J f^ufS 244 -''l: ' . I 




roe - 



TRMDroty 


o 6 i? is it t 12 i* ii £ ig m s ii 

bay i . ..I.I. I _ .In ni Lim-j. 



I'fliHe 2^ 5 i 

c 1 *n *»pet>- 

n>*niji *ubi«cl 

art j tNjrVfr that *U 

ccynpltAMr -voUiAd Nam 

!h*i <iuEf<te wch« "He 

daiei (m ibe Wr 

tma ih* ol a 

■vH ng prttaci iIiCovti 
hiM--fJrtlW Fw=Sl if T"- 
j Aicruj" ■a'nji S. W«v*f 
| i562b!.;i 
























































































TEMPORAL FACTORS IN BEMAVlQH 


194 

h ;lv« Lh-cir own disiinci circadian rhythm icity. cadi <hiIs a slightly 
different frequency, which diverge from each other a 1 * lime goes on 
(h’ig,. 24b>. Beycwl this 24-hcvur rhythm a 7-dav rhythm (circwepian j 
was dmnslralcd (F. ilalhcrg and olhers 1%}]. 
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The uiiurjial circadian rhylhnn is synchronized external stimuli 
lermed ZeilE.cbcr, lime teller w iih ihe rhythm of I he mviromncnl 
■il large such as light, humidity, temperature, and Found (Fie. 247), 
Sonic brards can Mill be synch rontced by temperature cycles of small 
deuatjofu. If the deviation is l,t*C. then 7S percent of the animals 
are stilt fulLy synchronized: at 0.9*0 .ihuut 25 percent arc i.k. Holl- 
m.inn l%8}. In man even a weak electromagnetic held Influences 
the circadian periodicity. When a held of 10 cycles per second was 
switched on. the period became shorter than previously. I he “internal 
desynchronization phennnmenar." in which the activity period be¬ 
comes abnormally increased to 70 to 40 hours while the contsnuuusty 
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monitored vegetative funcliem cont-nuc in a 25 to 26-hour perioJie- 
i Ly, tan only he observed when the magnetic field it iwiiched off 
Finally, ii can be demunn rated that this Held Zeilgetm it tillable 
of nsainlajnLng ihc internal rhythm in nearly perfect synchrony as 
long a? the liming of the ZciSgeber falls dose lo the itme of spon¬ 
taneous cm set of the activity phase {K Wever IQfiSi. Tn man 
reciprocal serial vlftdS lend to iiynchroniaatiiMi of eircadtan rhythms 
tF. Pflppet 196B> The organisms jre able to measure time by means 
of an internal cluclc whose mechanism is still unknown 111 PL»nivinsc 
I-96JJ. 

Upon remcojJ of the pineal organ the activity of sparrow* (hat 
are kept under constant conditions becomes arhythnue, but not it 
Ihcre is a change of day and night in illumination (S. <3 a non and 
M. Men.iker I 96 S). 

Tn marine animals a distinct lunar periodicity has been demon¬ 
strated m several instances. Monthly and 14-day nepfcdnctive cycles 
are known | P. Kornngj l^S7j. We alread'- mentioned Lhc grunion 
lljtur&tht*), whkh spawns precisely at high ride along the California 
coast iB. Vf'. Walker 1952k Another well-known example is given by 
ihe palolo worm {Eumcc riritiis) |H. Caspers 196H In Ihv closely 
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re-la Lcii polyv hie-lcs Pitffyntri rjj dium-rilii this ivxtrtihLv repitiJ ijctiivt 
t-v<tv iv maifttfli-iiied un-dci constant conditions for a) feast two cycles 
{C. Kj^nschitd W). More recently (he creek planam, a fresh¬ 
water animal, w-as found to have hjnar-pMiedie tSucEUaiitmi -in iiv 
licht preference (F™ May anti £3- Hirtilurw ISSfi). 

Animals ihm live in the lidat zone show in acLivilv rhythm which 

r * 

corresponds to Lhe daily rhythms of Ihe tides. K. S. ft- jo (195"!} 
oksened in mussels illytifut rdaiis and- if- tviifvrnicu}) Huclujiilwiv 
m (he rhythmieity of fane of water propulsion corresponding to a 
tidal rhyi hmidiy. The rhythms were maintained for weeks in ific 
lahtMJiory without devilling noticeably from the tidal rhythms. 
According to F, A, IlfffWK Jr. (1%-Sj this points- to the involvement 
of i Mil! unknown if edge he f. because in endogenous rhythm of such 
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precision is hard ii» imagine. I I Enright tltlbJl Iw. 
doubts abouL Ibis inl*ijireiLatiijn. E_ Naylor (l^SS) discovered .1 very 
precise tidal rhylbm in the running activity or Ihe cr.*h Cun-ium 
trafWiNM, (Jnder constant conditions 111 is rhythm is lost bv the si sib 
day The sand beach hopper Synchtiidiant exhibits an activity rhythm 
of swimming and digging in at the windy coasts of California that 
cancspOods exactly to ihe local ridal rhythm. In captivity iL l-. main- 
mined for a few day* with decreasing precision. The turbulence of 
(lie water is thought to hr ihe ZmcgchcT |J. T. Enright 1 ^ 3 1, 

The yearly rhythms in behavior ate no! only of an exogenous 
nature. E. T. Pengelky and K. Fisher (l%3> kept golden mantled 
ground squirrels 1 .Cj re filar luUTtsttx rnotmia) under constant coitdi 1 
lion'' I lie aniiitah SliLI exhibited a physiological LVclc of approx¬ 
imately 1 year, which manifested itself in the uptake of food and 
period ie onsets of h i hern u lion Wil Ions- warble rs 1 Fhf iimatpvi (rochitnsl 
molt twice a year and exhibit rmgralory FcslInMw during the 
spring and fall. Willow warblers that were kcpL for 27 months on a 
2J-hinir day (12 hours of light, 12 hours of darkness) retained tlhi> 
cycle: it was no longer synchronized exactly with the yearly seasons, 
hut shifted from year Lo yeaT as can he expected from a free- 
running. endogenous circanmiid rhythm tF.. Gwinncr 1967; see also 
E ; Lg. 24S). Wc are indebted to J Aschoff (1^2) few .1 comprehensive 
review about the annual periodicity of activity. For a more general 
review of biological periodicity, see K. Rcmmert 1 I9b?j-. The com- 
ptrriOl between animal and plain rhythms was discussed by ti 
liillining i I'M Jr 




18 THE ETHOLOGY OF MAN 


imce Darwin we know iJtyr one key to the unjerii^njing ol human 
bth^viM lies m hi* phykijcfieiicr development —in the process of 
how man came to bo what he isu We have already nwde the 
obsen ji ion that behavior meehanis,ms owing their adaptivenevi to 
phyloeenelic processes also determine human behavior sequences. 

I hi.v iniiHtaite basts of human behavior has been recognized by 
many amlwopokigmj. psychologists, and other scholars, bat it has 
fUSE as frequently been more or toss radically denied by others (R. 
Uil 2 1940, 1944: IS, Berelsor and G A, Steiner l%d|, 

Thus M- F. A. Montagu (I9fr2),. for eunmple. writes: 

I I ihOffc should be ibMinetB. po man ai ail. ibev consist iH>rti?ps , n me 
automate 'faction iq a sodeksn ismo or to in* ^iitKir.™ai cl semo sup- 
oon,- othoi^se man Si« rv> irvf.lieig.1s, 

A. Gehlen 4)95-6. iWI) holds a ski* similar to Montagu's- [see 
also p, 4Cy>i. He also holds the position that human instinct* urc 
primarily chaotic and degenerative, in contrast 1o K- linens, W'ho sees 
degeneration as a secondary result caused by dontcsrkaiinn and 
civilization. 

In this book w* have presented the facts i-hcM wntpvl d* 10 awepr 
the q.sisLcnoe nl fihvUijiciLciii-- adaptations in the be has ior of anijiia Is. 
and we have demonitrated lhat these adaptations are prescnl in 
die form of lived action patterns, internal motb.ilinz mechanisms, 
innate nek-asm^ mechanisms, release, [tfid irtdfiie Iftitriing disposi- 
liiMis. We arc now ready to examine to what extent similar adapta- 
lisMis also preprogram human behavior and to whai degree they 
are sir II adaptive today, in the sense that (hey function in Ihe service 
of the preservation of ihe species- 

jm 
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Fixed action patterns 
and their release in infants 


'the newborn human being is equipped with ,i number of funclkma] 
behavior patterns (A IViper ISJI, 1^53. IW3) In Lhc iii.mei (hew 
.tic capacities located in the hr am slem and the spinal cord; ilu- 
cerebral cortes is a? itaur time mu fiuHtmnal in an} real sen^e. 
Animcephiilie children Jitter link- in ihcjr behavior from ihai of 
healths children during Ihc lire* 2 months of ihcir lives, iillhough 
ihej lad a etrebral cotles (M. Monnicr and H. Willi L953. C. 
Camper 19261, 

Some behavior patterns, which serve the function of food intake, 
are ptiylojcnelicalh quilt old. and Lhc human infant shares them 
with many other mammals. Firm may list the rhythmic search¬ 
ing movements lor the nipple,, a turning of the head lefl and right, 
which rnav occur spontaneously or following a touch of lhc mouth 
region <H' F R. Freehs! and W, M Schlddt 19SVJ. The seeking 
behavior ends when the infant gels the nipple into ihe mouth and 
when ihc lips close firmly around ii- This rhythmic seeking of Ihe 
breast is observed only during Ihe tirst days after birth (Fig. 2J9|. 
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U is >L'H,vfv KpllH<i hr art oriented sg&rvh for i he breast: When lhe 
ini■>ill-, region it touched [he infant turns Icward the stimulus object, 
orienting in space so th;it he or she can get hold of it. This spatially 
oriented movement at first still ha?- a rhythmic component which is 
soon lost (El F. K,. I'reehU f95#3, The motor patterns of sucking 
also change within lhe hr„i few weeks of life. Initially ihe Jifis close 
lumlv around the nipple area (areata pa pjll.ir.is) and suction is pro¬ 
duced by a partial vacuum in the mouth cavity (pump sucking): 
later lhe tongue alone does Lhe wort involved in sucking by pressing 
the nipple against the roof of ihe mouth. Raring this J«.-L sucking 
the corners- of the mouth remain opttl. 

A character ink reaction of the newborn iwfani is the grasping 
relies with the hand If one touches the palm of the intaru's hand 
the lingers close firmly around Lhe object and. as H. !■ R. tirvekti 
(I955J has shown by motion picture analysts, in an ordered sequence 
of linger movements (Fig. 250). This rellectoric grasping is especially 
strong during sticking. Quantitative investigations show that chil¬ 
dren rend especially to hair, The grasping relies, undoubtedly served 
originally the purpose of holding on to lhe mother's fur This redes 
js often considered a rudiment because mart no longer pefcresHSs for 
11 !d therefore the reflex is thought to be no lunger functional. The 
behavior docs not seem to have completely tosl ils function, however: 



Figure 250 6»w*nu *hI«h. i: 1 lieu h-jTlJJi 411201. Al Mil me linger «4»n, Its* 

others ftflrw. 4nd lhe IfHimh 4 l»l. FA1i« H, f. ti. Ptochtl.j 

one cun observe how small infants sleep dose to their mother's body 
and how they hold on to her clothing. 'The band-gfiisp relic*. is so 
strongly developed in premaLarc babies ih;iL they iire able lo hang 
on to a slrelfhod-oUl clothesline. This, capacity is hwl later, which is 
jji indication of ,i beginning rudimenlatiCut (Fig. 551). 

The climbing movements that uiit be ^en In premature infanta 
seem to he definite Fuditncnts: Placed on their backs they perform 
alternating, well-coordinated arm and hand movements. One arm is 
moved downward with a closed hand, the other moves upward 
while the hand opens stow|y 
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M-u, inu'-nnj: movements can b-o released in infants <!i.h are .1 Jew 
week.4 old try placing them into Ihc waler in a prone position and 
merely holding Lheen up ai their ohm. They paddle in 3 coordinated 
fashion with iheir hands and legs. The behavior disappear* ai 3 to 4 
months. 

One car also release walking and crawling behavior in the new- 
born child. A new horn infant on its stomach will commence to per¬ 
form crawling movements by moving Lhe diagonally opposed limb' 
(Kniizgangi if one supports ! he infant and place Lhe fcti onto .1 
firm plane il will begin 1o wall; and pla« om lee. before I he other 
(A Pei per mh H, F. R. Prechtl 395-5 l ice ,.lw Fit W2). In addi¬ 
tion. mu can observe a number of moienienti in Infants which serve 
to protect the body, 
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As ex,-] 121 p]e* oI expressive behavior in newborn infants we can 
list crying and inkling. The lifvL is a lind of “lost cal I": a child can. 
be easily quieted by picking it up or by imitating [he presence of 
the mother by appropriate models fp. The primary ftuiciioni 
of (Ire smile seems 10 be to appease Ip. tx». According to [he 
legend, Cypselofs, who Inter became the ruler of Corinth. was spared 
by those ordered to kill him while skill .j baby when he smiled aL 
them It is a fad that the smile releases delight in the mother. even 
those wJmi :a iim]|v were indifferent. and aids in ihe establishment of 
a strong, emotional [ie. The lintc of its first occurrence varies. Some- 
limes it can be observed in newborn or even prematurely Nun infants, 
flie smile occurs spontaneously during sleep and also after drinking, 
diapering, and pacing of wind (0- Koehler 1954a;, J, A, Ambrose 
|9h|). Laughing and erlts of dclighi with a widely Lip^nsd mouth 
mature Afoand the fourth month of life. 

Laughing as wen as lOyiut shouts appoan at a ion* w**r* civj laughing ot 
wiullS does not l«i|ira;e rNs «mo txjha^Kjr m :hc- h.ilsv tHii slarllos. it man? 
than aiiYlhinjj gl 5 *. o<r c*n (wan eauso Use fraby to civ when M has been 
l.j.iqh n.j True oW irrlaluin hypcihesis Oous rail hold up vcy well Here il>. 

w JHoofl. 19ft4»:32li 

l)y smiting and bxatms, Ihe baby. unconsciously at first, strengthens 
the bond to the mother- Is.. Robson tl9b7J emphasired lhat the 
visual contact is at the base of humun socLabihtv. Mmiiert react 
very strongly when the child starts to look of them at approximately 
four to live weeks of age. It seem-, rewarding 10 I hem when their 
bo hies smile 1 11 ts quite remarkable in (his context that ihe visual 
fixaliitg pFOO£ss wraiS (w en in hi i ib J ■ tw sril in fan I s ip. 404 1. 

During the first J months oflife the children of deaf-m ute parents 
are itidUiuigui 'liable from iliivse wlusse parents Jo mil have this 
impediment (E. 3-1. I.enneberg and others 1965 Jl We have already 
mentioned that deal-bom children begin to bubble ip. 114], 

t he initially SpOiVUineous smile Is later superseded by an answer¬ 
ing smile. The limner is frequency etuuoLsied as a “grimace" to the 
later ’"genuine" smile. The loner is said to exist only when there 
exists a mutual relalionship. that is. when the smile is a response 
to ihe smile of another person (A, Niwdifee I953y This type of dis- 
i Miction Is a rather artificial break in a continuous maturational 
process. This can be clearly demon st rafed in Ihe answering, sniile. 
winch in;ilures quire independently of the ninic euptwlont of the 
* Tr* tiupun moitmf « j-jLimJ fa an *-<lere)«i. esT**rinJV fr.nip *nd (^lofi oor*> 

■'■a'lji'ij pFiCei el C^-J>a lor S» rvl»0l. -NO* naanfle h» « I*ni*rtifci»if botlioe 
nfponfXrt" w*n;h W. Soa-IOn Mh irut-W. hrt If-.-.AI NKMeurtiiW. enmffc 

tr-mrrf* *v.l q.hvKJV httr.nn I ly vN'l *-■»**■* Tlhr*, 

<n Ooafng wild eft* human spK4i, n*iuro has boon vrai n rnalmg both «r*-Kj-*i* 
cer-'ljcl sod Iht soc-af sn-.-j. ihji o*Ib-i JotossM -r. iwtia ea*ty nTCMilisv. Oriiai,™-! 
CSal at 1hi» -sEojo o'. SBvotpnwiTS 0 >tr*r>» r lrnl*r pryjd..,: n.ilrwnjl fo*th(p jnfl i 
S0n« C»l fUr^Vii TJy'triri lendc-od. . . Hfr**, ire-uflH a mo|tk*r f rsopeoM- 

t:i IIht-'I -ir h—. wit-i-iS!:, rw./ie I hi .hi i Iuxksi i . ! i r>-n .in -fwii 1 1 ith’-Ith qK] n! r-1 h^w rt n 

an w»)h »jn«w>i »*T' •* S Robsois i ?. • Bn 
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pirtncr and bndni» a person-il greeting imh ven miu.li Inter. 
K A- Spiu Jrtd k .VI Wolf ( 19^6.1 were able it* release ;i ilo in 
J. to i-month-old children hj presenting (hem scarecrow laws- and 
distorted jrimiiees a* well as a normal human fate- WjchJa (his 
wide spectrum everything was mhiIoJ it that was placed over the 
bed. R. Ahrens (1953) followed up ibe development esf (he recogiii- 
lion of mam(c expressions. Until llac onset of the second month eye- 
sized. wcllrdqlined. C0ft[rasiiH$ spots cm a squire or round two- 
dimensional place, representing a cardboard model of a head, release 
smiling bctlcr Ihan a painted face or 1 rectangular bar cm (he same 
background. It make* difference whether the pair of dots is pre¬ 
sented in a parallel or vertka! position Of whether three pairs of dots 
are shown. One dot alone. on the other hand. i-, ineffective, 

A rewind the second monlh of life dots presented in a horizontal 
plane in I'runi of the infant's face are more effective than if they 
are presented vertically, and soon the child pass attention to (he 
entire area around (he eyes hui rot (o (he low^r pari of the face. 
This is included gradually toward Ihe third month. At *1 monLhs of 
age the child rends to the movement? of the moulh, without dif¬ 
ferentiating all details; it >S not un(il the fifth month lhat (he 
broadenLag of the mouth specifically releases smiling, and this is 
especially true for the 6-momh-old child. 'The effectiveness of models 
then decreases. The child clearly distinguishes bel^een modeb and 
faces of adults, but it does no! understand the mimic expressions 
of smiling until ii if 1 (t> 8 mniuhs old. when it reacts appropriately 
to 1 laughing person 

According to Ahien? (he mimic e^pfcBaOrti of the forehead were 
not ■adequately responded 10 uniil the children in the study were 
14 AHdtN old- VenicaI threat wrinkles frightened- the institution¬ 
alized children: they lurncd away, ran off. and cried or screamed 
Ahrens emphasised th;u ihe children had hardlt ever seen threaten- 
mg rhimic expression* prior to these tests. 

While the releasing mechanisms, expressive, and locomotor 
movements continue to malurc and are increasingly integrated uith 
individual experience, other behavior patterns become supvtim- 
posed during the course of development and arc exhibited emLy 
under special drcumilaeiL-es. for example, in brain■jwophy processes 
ip. 206J. Some early-diildhoodl behavior patterns arc also taken 
over into the repertoire of «pressive movements of adults ip. I*’j. 


Behavior of children born blind 
or deaf-blind 


With respect to the question, of innate component' in human be¬ 
havior Ihe behavior of children born hlind or deaf-blind is most 
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Iifi'iJin ji jvf. Wt have here lilt occtdcn UI experiments of nature 
v. hkh cm Jw aoe^ed as depriivatksfl iKAspir-HausefJ experiments 
tp. 19k Prom Ihis point of view J, TlMflftpton < 1^*41] studied die 
expressions of blind and blind-beflt children ant) compared Ihem 

wi|h those Cjf seeing ebiMftn, OlC fCMillS SUppoir :irld -.Lipplcnii:hi 

i he Libitrv j Lions tiled in ihe preceding section. Smiling, laughing, 
and ctyin^. alsn (Ik: expressions of -anger, pouting, fear, and Old¬ 
ness. looked the same in blind-born children, although they could 
not have imitated anyone Ulirid-bom children did. IWMJvef, snide 
less as Sunn? went Oft in corn puff-son wirh seeing children nr (hose 
who had become blind bur 4 no comparable decrease in crying 
was iioied. In smiting a certain social feed bad: muse play a rote, 
which bas ye) to be investigated. When I his feedback: is miming Ihe 
behavior atrophies jomewhal, My own observanoft). on a deaf* 
blind T-sfur-nld girl 3e;id me to the condijvinrt that ihis stimulation 
is of a general nature. After the girl's teacher and sister intensively 
interacted with her and played with her. she laughed mwr fre¬ 
quently lhan before- 

I). G. Freedman fl9c4} published a pkiure of a blind-bom 
infant She laughed when her moLher Spoke to him, The continuous 
n vMacmus seen in ihc blind then ix.iscd and the eyes tivnvd upon 
■III source of the sound, although she could nnL see it (Fig., 2?3). 
This seems to be achieved wiih a central fixating process. 
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P inferences in. ihe expressions of blind and seeing children arc 
to be found nm in the basic poL[ir<ran.. but in the additional occur¬ 
rences of uncontrolled, superfluous 1L gnmaeiftg" movements in the 
blind, which vi ,1 > piipmcd oyt by fi. Muck omen 11965 Miming others. 

Of spevkit interest is the behavior of deaf- and blind-boni 
children .ihuui which very liuIt- is known. These wif«rniftate chit- 
dn-n grow up in eternul night and silence- I’hcy have no means for 
imiliiEhin and education is very diflieuli. In spite of the lack of 
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form ul training these children nevert helcs;* shin* v | iiunihcr u! wdl- 
voordinuled mMfir pattern* F. L Goedcrtctugh tl0^2j reported 
Hint ,i 10-your-old dsarf-blirtd'born girl, who ssjimh* up wuhuul 
instruction under condi lions of poverty, jblc to laugh heanilv 
when she found her foil doll. She laughed ,rKn when '■lie duneed 
while slanditig on hei toes, which she had learned by hersdf 
When angry. $tte turned hvr head awjy. Furrowed her hfow, and 
pcHiLfd her lips. When she was very angry she threw Kick her 
head, shook il violently, and showed her clenched teeth, 

As pari, of a Hill COriliritiLrtg investigation 1 I lilmed lIx laughing 
and smiting of a T-year-old dcaf-blind-bOrn girl and a 5-ye.ir-old 
(soy who otherwise had no mental impiiirmirnt. I he minor patterns 
of laughing corresponded in all details to those of normal children. 
These (wo deaf-blind children threw hack ihen heads during high- 
inlcrillv laughing in a fashion typical for normal children and they 
also opened their mouth* (Tigs. 2J4A, |Sl 2JJ|. Ilte rhythmic sounds 
tire very dear, hut their laughing is somewhat retrained, more 
like a giggle. The girl also showed a number of typical expressive 
movements, for example, crying. When artery she stomped wilh her 
feet. She rejects by shaking her head or by poshing away with 
her hand,, when she alio shakes the hand- If she stuiuWex she 
extends hesth hands forward. When taken on her caretaker's lap 
or shoulders, she liked ro cuddle against him This girl, who gave 
a very alert impression, especially when actively exploring her 
environment with her kinds, is a hie to distinguish strange persons 
fro in fj miliar ones by smiling briefly at the presented hand. 
Strangers are pushed away, a gesture that i* often accompanied 
by turn ins the head away. This behavior is similar with the 
exception of the siiuhing, to that of heallhy children. In short, a 
whole arfuv of even quiLe complex behavior pa items, which are 
typical for human beings., have developed afco in the deal-blind 
and are therefore present as phylogenetic- adaptations. Some 
characteristics of social. behavior developed, even corttia ry to the 
educational efforts. such as. for example, ihe leaf fit strangers 
Similarly, in a boy of the same institution who is apfnoachcng 
pufxm now. CMiiih aggressive inclinations developed and needed 
lc> be curbed by education, 

The possible objection' th.it the deal-blind child could have 
learned the complex movent cist rawditunions of crying and 
laughing bs a step-by-step reinforcement of those ooifipcmcnls 
can be answered as follows If no phylogenetic adaptations existed, 

i| ta in jri tii<i H**r E&ustg, Iw ih* do*bl«d M tsu Sr»e frwi- 

iuter> la* (hu fiiod in Hjmwrier. Uy hi». ."-:tWsrjMKi *n r ' - ^9 l+Kr4 *- ot-wnueom 

PW» 

! Tnu etijre’O'i was i*s«S Cv R L. -S * itKuawm m «*rch I toot 

piri ia M-neapal*. 
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.t lar^c number of individual dtps would be necessary to eslabliih 
indl rtutlple* movemeni coardi.nalk»ib I he mother would have to 
initially rewaad the child when she r&bed the corners of hn mouth 
bm mi? reward any other hp movement She would have to shape 
die ehyiJinm m-alifciltoiw uf laughing by vlup-bj^Kp rdrt force- 
mem of the apprtyprUtfC inhaling and exhaling movements uriiil 
Finally the typical rhythm of typical laughing behavior were 
achieved. Again, dilJcrcnl dtps- would have to he followed m the 
training of crying. The best Skinnerians would be eorfronled with 
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seif lU JiDkuHifi if they were asked to teach j higher mammal 
Mich movement tDcmdiiiidais. The deal-blind children. on the 
oilier h;ind. are cupelled to have learned all thin, b\ [tic acricteirtallv 
adequate tahaiior ol ihe mother. although these children as a 
role hove great diflieuliy :n learning such relative!} simple -.tills 
» holding a spoon and bringing it to (he mouth. A heavily twain 
dam used 12-yca 0-0 Id gitl who was horn deaf-blind in the same 
institution was able to. laugh and lt)-. 3he dfttpt her rare-later and 
Incj to climb up on him. whimpering, in the manner of a small 
child. But simple acts such as bringing a spoon 10 her mouth, she 
has been unable lb learn despite the greatest elTWft of leaching 
il. The hypothesis that the trample* expressive movements of ihcsc 
children are learned thus lucks all foundation. If one still were 10 
maintain this view, them one would base to assume spea.il innate 
learning dispositions and would have to rely even more on the 
ethoJugscal concept of phvlouenetk adaptation in behavior. The 
possibility Ihat Ihe deaf and blind-bom children acquire the informs- 
lion about iheir mothers" facial e*p«iiiOftS by touching het face and 






















40S iHf flHOL-QQv Or MA.-J 

conscLjiiejitly icviMins by imitation ud also he excluded; I know n 
case of a deal' and hiiril-bora boy who, in addition to this handicap, 
does not have arms lo reach out but only very short stumps. Never- 
ihekss he shows the basic facial expffosiion* in a normal way. 

A number of temples ttpreadve behavior patterns. such as 
LLisjuctiish cm harassment, esnnen be seen in ihe deaf-blind, this 
may be due lo lack of relevant experience or to the fact that ihc 
channels which usually receive such perceptions are closed in these 
children That the toner is ai least partially true can be deduced 
from the observation of blind-born chitdren, whose mimic expres¬ 
sions are more highly dilfenenlulled lhan Ihose of the deaf-blind. A 
10-year-olkJ blind-born girl showed embarrassed smiling with 
flushing., a lowering of Ihe head, and incipient head rocking, move- 
menu when 1 praised he* for her performance js ihg piano. Those 
chin arc born blind have fewer expressive gestures but are other¬ 
wise most similar to seeing persons in their spontaneous expressions. 
They are. however, able to act out mimic expressions only in an 
incomplete form (P Dumas I M2; M. N. MislschenlcO 193 3 J. 


Some results 

of the comparative method 
in the study of human behavior 

The observations on blind and deaf-blind people allow only limited 
ilihifleai! to be made about human bcbtvkir. Such people lack the 
more complex behavior sequences which arc nor malls released by 
visual .and auditory signals. The question of if and how much 
in complex human behavior is inborn may be an evened by ihe 
compardwi of behavior in individuals of different culnarcs. If one 
can ctentonmrate eommunalitbcs in expressions and gestures, then 
we may conclude that they derived from a common inherited 
root, especially the more specific the behavior patterns concerned 
are and the more widespread I heir occurrence in people of dilfercni 
eenfngv and cvUuml ami raetitl bjiekgniultd US welt, and, again, 
because itiaii is extremely inclined to culturally mold and change 
behavior in a relatively short time, as the evolution of language 
dearly ilemiHsUiln, This line of thought was expressed hy C, 
[Xu-wan <1873). and many present-day psyebologMs arc 4«ftfe of 
the basic agreement in mimic expression among dilferent peoples: 
A<. i.y as rha accuracy oi i^e cfaia alien* the minwe eip<ets*aoa sod 
pantomime which conespond to tne doKiftod slam. sr*m to appear in 
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e^cJi PWJM and race in a enFiil*r eom*»l or w.lh the »int m#an.rvg iper. 
lads one i-su-jj^s wii^ou-i joy, Did ai&o. because oi ny it rt true thai xponari 

ciilkiri (JiHerenpej Jrl! in |he ^<^re;4rve behavior. t>j( 5hi5 m no wJv 
from, the constancy qt these ot\rnsr, e.prasvOn* <to H Ffijd* 

1965:37®. 

5 , Mrfl WOKS i£l il •• irml.ir Vein 

The findings el she eiivKisagiifs Jctb* shat share are i»i»c enXiressiGns 
w#i»cT» occur without Cneooi*on in all t’urn;sn societies C'<ts oi jsaux *nd 
grief are un^er-jally distributee W*>en frightened one boCTHmes pale •> n d 
trembles; i&ygiwig ana smiing are quae generally an expression ®t joy 
end heppm^i. It ij probable that she egr*#menis ere even more en¬ 
compass ng and that reoroons soch as syrpnse. frs j «lom, and astonish- 
men! are included. We may ihe'elorq sps?gi, pi cenein mvaria&iflf in. oie* 
■mol dnee e<o«#ii-ons, e^en !h*jgh they hase npi been described n 
SaiSiCien-l deiS'l (0, TtS, retrifi stated If&m the ao;h3»'s inansianoni, 

On* ts then timid surpris'd when one Teads the statements of 
others, SUdh as. A. Gehten 1 195-61, who writes: 

Inbpin. instnsptive bfbi^or palEem* ae eclua'ty ghV dompnstraMe in very 
email children *here they can hare y be d’slngi-shcd Iron'll re*c«eS as 
&u£tng. grasping and haldirg-p>: mertmems. Otherwise and quire g«n» 
flraJiy tMirtwft mom* gunems ax ba*e of an mai-ocis end ets means 
eccordng Id Uho (Sftftbfdft gJ Cdm0l*«ani4my: ElHiv an® learned . n ihij.r 
totally and eon^eienaas m she w.gy they arc performed, they are toniJs 

i,p irdi>idud'y fhrouijh the integral on pi n.rern»: sttmu ans exp# HsncaS- 

H L H-irtlit hivlcJl (L%3. I%*S states ihal no expressive movanetil 

fi,n jii'i unkCTial in calling, ilui ihcv 4io all itw pF^docI of wlldfb 

an4 aie ncii ihbvnt- Such fa r-ixach in sl ^mratiulitmt afc c^riaiflK 
unjustiiiicJ. Evsji itso comparistfii of Ihc facial «»pfe*iicns of eull 
photographs shows o wwlesprsatl a|mh>cni. ahhcMi^h a photo- 
siaph raptures orlv a shofL moinonl oul of Ihc cnMre bchanoi 
sequemre. I will present a few piciarcs which showi frko4!> '■miles 
ond E.iugliiii|c. rajt and sadness in various pwplW (Fip- 254-2591 



* if - 

Figv* &ru*ng p*oo*e: i*t SdwMVi men nirejn-NtoM* h.i»«oj: rbi Stag'd bm. 

mur a.hH-.i.Ji,, T»r*in.jfc 4ti B- s«a iS*r\nJ iPKiiogrec^r i U4E.n*i'»tae.l 
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The proof. Ihowcvcr, is moLion picture him, but no relevant 
material is available, ] hsitiltefcfl! dbeumentation anti hence A lack 
Pif 1. it i i-.vl L'.t^L- arc ihe causes for iIll statements cited above. N. H 
Ffijda says it very pin inly; 

Lei us lepeai, in .} oawciiiai instance the (uptenglicin espo-ciaty ol facial 
expressions s larking, Wei only Because el a la,Lire IP >esf kyacihes'is. 
but also betauSe Ol iflBulfpe iflnt or monq hr!>Oih«*5. Many ef Darwin's 
wpiMaioos fcai-e Been superseded or have 4»*o-y5 been iemevrfiai t*- 
iMi : (hc-S. 6 .a no one has since given h.s jTtcnt-on so consc eni cusiy and in 
Such dergil it) ih$ facal expressions ol man. Moat people see«n Id be i-BhS- 
'od mih gbba> half-otueetiws, Ha'i.mioipreirip tJtrwnpKHis, as R^cNm* 
115601 cnKallv lerriafkirf. Especialy: What work dtber ihae that 0? Oaiv.in 
rgnrains such 0*14*1*4. (IvtneiiCally uAh*Ud diiiCI iJHiOOS Ol facial 
siont as were actually mjmwmi m particular snuanans* We ceoa.ilv 
14k* [ho e.iiy way out ip 339,. 

There are only a Tew isolated desciiplive-analylic investigations 
or human facial expression. One example is a study by F, Lcrsch 
Cb95-lJ. but ihcre is Jiiirdlv any comparative wturlc. Xu lktic weno 10 
have [houglu about documenting human behavior objectively, that 
is, through films taken without the subject's awareness. As un¬ 
believable as it may seem, the eihograni of mao has not yet been 
documented and registered in a way tliai would permit one 
scientist to tsaiiniiiL- data of another which arc not already colored 
by i he interpretation mi' Ihe observer, 

A search in Lhe large film library of the Institute for Scientific 
Film in Grmiiigeii, Germany, revealed numerous films ahouE ecrcain 
culmru) activities, for example, the weaving of mats, making of 
pots, Li lline of helds. building of boots and houses, dances, and so 
on. Aim osl always it is a si need activity t though this is frequenlly 
not even mentioned), which reduces lhe value of ihevc tilin', con- 
sidfijihiy. On lhe Other band, there are many litni doCumcnls made 
in the field lit which one can had material that is revelarit to the 
irnds of questions we are asking, but they are always incidental 
to some other topic (,S. It. Sorenson and I). C. Gujdusek ISfifi; K 
Gardener and k. G. H eider 196S |l 

If one wants to know whether a Papuan, Bantu, Japanese, 
Italian stomps his foot when he is angry, one will search in sain 
m the Him archives for unpaged films of people in rage. The same 
is Iruc if one searches for comparative pictures of flirting, laughing, 
crying, and gestures of disdain and other expressive movements 
This surprising discrepancy in the docuiticnl.iLion of cultural 
activities, on Lhe one hand, and of expressive behavior, on the 
other, is partial! 1 , rooted in the hisforkal development s*C psycho togy 
and ethnography, There are also certain methodological dlflittilties 
Making of pois. weaving of mats, and cultural activities are readily 
performed for observers. The documents, then, do not actually re- 
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Facial expressions and gestures, on ihe other hand, nnuu hy 
(Kordfd wiihout the subject's auuicncs.. h.ven ,i Learned aenvits 
change markedly when si i' pcr^iniiN]. tliis even more true 
For tmoiiMial behavior. People ..re shy by nature and ihcv do iw 
like so he photographed li is amazing ocr what great distances 
people pcfttN vi hen S camera is pointing at iJtcin. Their be¬ 
havior change* in&uinily. The facial esprevaou become-’. ciaid. most 
people JoeJ; restlessly toward the camera, smile in embarrassment or 
exaggerate. or overdo the behavior if Ihcv decide to continue it. 
Even in Seamed skill's the smwtbne*' of the performance i- often 
fo>i- 

A method that developed by H. Hass ;ind which we tinted 
in various parts or lbe world in photographing people without 
their awareness user comes all these difflcutties (I tiibl-EibesfeWl 
and H. H ass 1^5-^, LtMiT. LSftSl. An atiachfVKnt that is mounted 
before ihe normal Lefts of the camera and contains a mirror prtsm 
makes ll possible to fiSm to Ihe side (Fig* ?60l With this technique 
it was possible to photograph people even from elovi distances 
without th<it awareness. The, see. of course, that hinting i* giune 
on, but the camera and the attention of the cameraman point into 
Mother direction, so ihe \ soon ignore it 

In these films we used ihe technique of time transformations 
(fast and slow moiknii 10 mate visible the lawfulness of the be¬ 
havior sequence*, which normally escape an observer, Ihe rod bud 
of lime acvderaiion 11 to 7 frames per secondl has w> far hol been 
used ip the siadv of the behavior of higher vertebrate?, and ! would 
like to discuss its special advanl-ajfi, 
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hnt by lining the fast-motion technique one cars obu.ni film 
protocols of behavior sequences of toiler duration (for a small 
amount of 3i I in. used per unit of Lime), which document the entire 
sequence bor example. if we are inleTcslcd in the technique of mak¬ 
ing j pot we rind the lilins. [,jii.ert hi ethnologists unsatisfactory, in 
cii.ii they never show die entire sequence. Sineje episodes have al~ 
ways been sc levied: how Lhe tiny wjS brought. how u was kneaded, 
and bow Lhe hoiiom wai shaped. Then wl may see several stages of 
shaping, smoothing of Lhe waits, and so on. The etude sequence is 
chopped up in ihis way and so includes lhe photographer’s interpre¬ 
tation of whol is import-ant. What occurs between lhe cuU ore teams, 
if ul a!!, from lHc accompanying publication, This has been accepted 
as a nettiufy pan of the methodology, as we ears see from ihe writ¬ 
ing of G. Spannam f 1^611, who published guidelines for the peepara- 
■ior of ethnological films. He emphasised that an ethnographer hay 
to depend upon a ’'representative” collection of complete mo venter! 
sequences taken from lhe overall behavior because it is as a rule 
not possible to record ibe entire event, \i»ch as making a pot or a 
religious festival. ”1 c is enough when all parts which occur once are 
recorded once, and those that arc repeated are recorded once or 
twice. . . ." ('G. Spanraus However, cspetifly the example 

of nuking pols shows thal we are dealing with a behavior sequence 
of a higher level of iniegration, which can be recorded in iis entirety 
bv means of lhe fast-motion technique. 

If one selccls the right number of frames per second, the move¬ 
ments run o(T quite rapidly. btu eaeh individual action remains 
ciearly visible. One Cart see how- (he product grows under the shap¬ 
ing hands and one can count later how many individual movements 
were necessary to produce the particular pol or vase or whatever, 
that is. what amount of effort went into its making. This m lorn 
makes it possible to compute the advantage of one technique over 
another with respect to Ibeir relative efficiency- With comparable 
fast-motion film records of, for example, tilling of a field, one can 
determine the amount of work invoiced in the dilierent techniques. 
The com parison of fast-motion films of trained and untra ined workers 
cart also he very useful. 

Of course the behavior patterns that belong to a lower level of 
integration, from which the more camples beh;n ior sequence is made 
up. should also be recorded- These individual movements we til in In 
vSow morion without tlic subjects* awareness. 

The la si -motion technique opens up new paths for the documen¬ 
tation and analysis to (he ethnographer One may think of the in¬ 
vest iaatroii of religious ccrenmnies and Other riles, w rtieh can now be 
recorded in Ihcir entirety. An event that tafets half an hour can be 
recorded with f* minutes of tllm at 4 frames per second If later 
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swn(«i? should bci. one mtereMvJ m ili« -duds of cultural rnualiza- 
Lion. then fast-motion films. for example, of a tL alhdn: du«, 
be mt*H useful rr thi& event were filmed ji tegular time interv^k 
one could sec [be change-, directh from (he hints. 

In ad Ji Lion to these uses, ihe fasi-ntciin>rt him technique can 
make visible certain regularities in behavior which Emails escape 
direct observation. A newspaper seller whom II. Il.ist filmed m 
Vienna proved robe a most rewarding subject lor demonstrating the 
value of Ihds. technique. When he was observed normally ruithine 
i_ri ll->L i.i.1 w-ji delctled aboul ih is behavior. The fast-motion technique 
revealed. however, that the man Tan back and forth wiihin a 1.S- 
meter-wide part of the wall, which was bordered on enher -.rtk bs 
a large display window Hts behatkvr was co Slereoivped that it ap¬ 
peared as if he were lied to this small sptvi before ibc walled ponton 
of ihe building- tc is. possible that this is an indication of an inborn 
tendency «> keep oneself covered from behind. 

Pictures from, an ctcvaicd position show thal people approach 
conspicuous landmarks. for example, flagpole-.. without anv special 
reason. perhaps based on ait innate orienting mechanism This hap¬ 
pens even if [hey must deviate from a more dlirecE p.nh to |hc«r 
coal do accomplish it. 

Dun ns the analysis of fan-motion Him of persons earing we 
noticed that individuals who ate alone looked up and around, into 
the disiance after each bde or two; their gaze often swept auto¬ 
matically to the sides is if scantling the horizon. Baboons and chim¬ 
panzees show ihe same behavior. This seems to be an aleri behavm.tr 
against enemies, a behavior that is alw a phyksgcrwticatty inherited 
pari of man. although loday there i< very liccle danger for man when 
he is eating. 

The fast-morion technique is of special vatue m the investigation 
of people in smaller or larger groups Normally even the uhterva- 
tion of two persons is quilc difficult, because the behavior of hofo 
cannoL be recorded stmullaweOUSly li is even more difficult svhen 
Mill more people are involved. as in a larec family On the other 
hand, if we base a fast-mot ion protocol we can s icw the film as 
often as is necessary and we can rcCOgnstc how the behavior pat- 
lerns csf individuals sire alluded lo one another and how they arc 
grouped■ With [his technique we have iilmed playing diLldren,. 
mothers with children, couple., and larger congregations of people 
and the behavior of people in cultural ceremonies Other eaperi- 
ntems mdreate that the last-motion letbrisquc can he also used suc¬ 
cessfully for the invesllEJliOu of human and animal beluduf in 
other situations 1 may mention also that for fiisi-rmnion filming one 
can mount a camera at an ties a Led place. sul-Is a* the roof of a car. 
and lei il run without tlie photographer nearby. To allay all sus- 
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pietora we worked with (he lens Id I he side even under ihese circum¬ 
stances, although no on* iutpedcJ dial Sin; camtn Standing by it- 
wrlf operating. 

Whim we want ro jn,ik/c facial tApnetsimu and jeCMure*. *'c 
HJm ihe subject in slow moLton (48 (fames per second) without hits 
awareness, hw Inter analysis it is especially important to have a 
record of whai the subject did just prior 10 and after I he filming.. 
We strive, therefore, to understand die behavior within ihe- context 
of Lhe si matron and the sequence in which it lakes place, in (lie same 
way as il L\ nwevuwv in moiivjiioitat analysis of ariifii.il hclut ioi (i) 
avoid subjective interpretations afterward. In some cases it is pos¬ 
sible to cause lhe releasing stimulus situation When we were filming, 
curious onlookers, wssuld often gather muni as, and we expert 
mented with i behi without ihcir being, aware of it. By hand lag such 
a person a small box out of which popped a doth snake when it 
was opened, we obtained the unrehearsed expression of trie hi.. By 
casually 1 nuking .n a person one can release greeting and sometimes 
even flirting behavior 

Until now we have primarily filmed in Europe. Kenya. Tin* 
tiinia. Uganda. India. Siam. ll.ili L Hong Kong, Mew Guinea. Japan. 
Samoa, lhe United States. Mexico, Peru, and Hr. mi We were espe- 
dally interested in mother-child behavior, flirting, creeling, praying, 
end begging behavior, and we obtained many film records without 
lhe subjects' awareness. In countries with a highly developed theater 
culture (Japan, Thailand, Europe) we End the actors act out certain 
expressions according to a prepared lisE from us which we filmed 
wilh 4S frames per second. These scenes allow us to compare the 
natural expressions with lhe actor's portrayal uf them. 

Although the work is stdi in progress, we have filmed enough 
to soy iltaL some of lhe mure complex human expressions can be 
traced back to the superposition of j) few fixed action pal terns which 
do not seem to be cull orally dclernuned. To give just one example, 
we found agreement in the smallest detail in the flirting behavior of 
girls from Samoa, Papua. France, Japan, Africa (Turmta and 
ulher Miknoh-runiie tribes) and South AmcTieiin Indium (Waifca. 
Onnokus. 

The flirting girl al firsi smiles at the person to whom it is directed 
and lifts her eyebrows with ;■ Ljuiek. jerky movement upward so ihxt 
the eye slit is briefly enlarged. 1'his most probably inborn greeting 
with the eyes is quite typical (Figs. 2ft 1-264). Mining men Show Che 
Mrtte akweinerii of ihe eyebrow, which can also be observed during 
a friendly greeting between members of the same sex. After Ibis ini¬ 
tial, obvious turning toward the person, in the flirt there follows a 
turning jti jy_ Tlwr head is turned co the side. wmidutics be rtf toward 
the ground, the gaae is lowered, and the eyelids .ire dropped (Fig, 
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262). Frequently, bul n«L always, the _girl may cover her face with a 
band and sin; may laugh mr smile in cmbhirassmertl. She continues to 
hvdk ol |]| 12 fuiMftL-r Lrtit of the comers of her cvlt-, and tAAftiirti 
vacillates between looking at and an embarrassed tooting away. We 
w ere ,ilsle 10 divil this behax lew when girls observed us during our 
lilming While one of ns opera led (lie camera (he other would nod 
toward Mil- girt and smile. 

Here we already lind that the superposition of a few invariable 
components (intmlkir movements ofluming toward someone, jespon- 
stuenexs, unJ turning away) yields a relatively complex and variable 
expression (see also p. 92). The assertion of R. L. Birdwhioelt 
(15*63. I%6) that there are no culturally independent expressions 
and that everything is learned is disproved, by these results. 

The comparative itwestigaEioa of 4 reeLing bthavier in people 
from different eu I lures showed additional agreement, even in the 
smallest details. During a friendly greeting iwer a distance rhe greet¬ 
ing person smiles, and if he is in an especially good mood wilt lift 
the eyebrows in the manner previously described, and then nod the 
head (Fig. 265). J filmed Ihis behavior even in sLone age Papuans, 
who had only recently come inlo contact with govern men! patrols 
1 1 Eibl-EihcsfL-ldt IDfcS) 

Wide agreement is also found in many wiher expressions. Thus 
arrogance and disdain are expressed by an upright posture, raising 
of lire head, moving, back, looking down, ekssed tips, exhaling through 
rhe nre.0— in r>ibef words ibioiigb ritu;ili«d movcmenls of turning: 
away and rejection. When enraged, people bare [heir teeth at ihe 
comers of the moulh. 

Wrih respect 10 gestures one alw finds many agreements among 
peoples of different cultures. Bowing everywhere seems to be a ges- 
tu re of su bm ission. for example. Jo ring greet ing or if one a ppivciches 
a high-ranking person or in praying (Fig. 267) (T. Ohm tD4£). Dif¬ 
ferences apply only to the cxlenl: we may nod. while a Japanese 
bows very low In triumph and when we .ire enthusiastic we throw- 
up the arms (Fig, 36$). Members of (he most varied eullures greet 
by raising the open hand 4 Fag. 2t9j. [f one man wants to impress 
another -(o display— it is again done quite similarly in different peo¬ 
ple* by an erect posture, moan facial express km, and frequently with 
an artificial enhancement of the body size and width of the shoulders 
Ip 434), The only difference ts in (he means to achieve this expres¬ 
sion in the various eullures. bonne men place feathered crowns on 
(heu he,nK. other' fur taps made of bear hide, another displays with 
weapons and colorful dress— the principle remains the same. When 
we are angry we become indignant, that is. we jump up tnlo an in- 
tehlibfl m^veiiienl for ;ttrack, make fob, and may even bang (he 
table, which is ,s rvJirented atiack behavior Ip. ISO). When angry 
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we may SCOitlp vy in hi a fw>1. an irnenlion of atincl; which among A-ii r^*- 
p^jiie js fuiniiJ in smaiL U(iccnilrolle(J ebildren. 

v.iuiiUy suppress it, I saw the same fixture tn ary angry km. 
II remains to be im'«iigai«l lo #hai degree the giMtures oi‘ aftpr^jJ 
or disapproval have an innate basis. Many races indicate a general 
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”110” hi shaking 1 he head. closing ihc muuLh some by showing 1 he 
longue (rilu-a lined spilling out: see Pie.. 270k and ihey >jv ‘’ycs“ hv 
nodding then heads. DtrwHii points out that ihc hrsl act of saying 
"no" [disapproving! in children is the rejection of fDOd. by turning 
ihc head Lo ihc side from ihc breast or a spoon- One could think 
of ji shating-ofT movement. 



E-flurt 370. £.snw,-»j ihs ro*>gv<- a w'dMiK'ewJ flfsiv* $1 citt)*rs.a rticciio-i iji j 
!'»0'fr ben,' 1'Gfn |ISe iji’ulu negon iTjnzjn ji; a IrQOi rjpw Gi>r*j 

ryjcuia nn* jnoihir, lPi>D i »g''ip'Ss.: fat • E Ijlt JK-jicddi. Ibt iij'-'i J. Coo*, |170i.jl 


The blind and deaf girl who was discussed earlier ip -JO?) shook 
her head when she did not «,ii)l Its cal, and also when she PClUsed 
something, for example, an invitation in play. These fom—iliar 
people also say ‘"no” w iili dilt'ereru gestures, for example, a ScoLiaai 
by laying back his head —doe- Ml argue Again si DarwinS mlerpnc 
tafton. We know lhai innate behavior patients can he suppressed by 
training. One would like lo know whether a receding shaking of the 
head is also used. Tor example, in Sicilian children 

li is possible lhat several primary forms of saying ‘no" exist, 
such as rejection of disapproval, ifom people in dilfcicnt cob 
lures accept one or ihc other by convention One mnvemcoi of re- 
jiCCibn cun be traced from ihc intent ion of turning away. In saying 
“no' 1 ' a Greek, for example, lifts his head with a jerk backward, ,11 
the same rime lowering his eyelids and often raising one or both 
hand- with the open palms showing el> ihc opponent. This behavior 
can be observed i n northern Eturope as a gesture of emphatic refusal 
("for heaven's *afce“). It is also very similar to the posture of ar- 




QF The C-UyPAHATlvE -METHOD 


roganw Sonuriinns* instead of lifting ihc head backward «c can ids- 
serve a Lurmna.-tLi-ihL-siiiir inm'cnieiil. Another widespread jn.--.lyrt 
of refusal or no is head shaking. and Hmiccirats. one can observe J 
rejecting form or s|i,nkirsg (he fund, which may be 4 ritualised shak¬ 
ing Olf, 

Nodding was derived according In Darrin from an 1 mention 
movement to eat. Another possible interpretation in given by IE, 
Hass. {196Sjc who says that nodding cook) be taken as an iniyniiim 
movement to bw, As A rilualiicd gesture of submission, so to speak. 
When expressing agreement one titles submit to ihe will of another 
Much is 10 be said for Lhiy iftrerptetACioo. Nodding is ,1 widespread 
gesture of approval. Papuans nod and so do- Waits Indians or 
Bantu. Like where, many Indians And Ceylonese aLso nod when 
stating. ’‘Yes. (his is so." However, when expressing their agrcemenl 
to d«a something they were risked In do, they sway (heir head in a 
peculiar sideways movement, If one asks a Ceylonese. “Do you 
drink CAflfiee?" he *ill nod upon cniiirAijiicut. It we address turn, 
however, saying, "Lei us drink coffee." he sways bis head in agree¬ 
ment. E have seen no nodding in the deaf and blind-bcrni so far, 

If the accounts arc correct. ll»e kiss is end found everywhere. In 
spile of (his, however, one niighl ihink of il as a kind of ritualised 
feeding derived from ihe care-of-youing behavior system which has 
been taken over as one of the expressions of (end <t ness (p. itfci 
In ibis connection the aectwnls of L, v. Hermann |l9l2f arc of 
special inured, in reference 1o (he behavior of Ihe icih*bilftnis of 
I he Hinterziilerlal (rtWbntiin valk-y in. Austria f. Il ssihe cu-.iv.rn there 
lochew pine Tes-in. which gradually changes into a viscous nia-s that 
is no longer sticky and is changed from one L-heek otto die W her and 
so me rimes is visible from (he corners of ihe mouih. (Flenlicnk 
"When chewing pak'h the same eusiom. that of muluaE exchanging 
of the wad prevails, as is also done with chewing tobacco. Among 
lovers this exchange plays an impoflAftl role" iL. v. Hermann 

12.99 ).-* The boy exposes a piece of puch from between his teeth 
and invites the girl Id pull it Out with her leelh. an allehipt (hat (he 
boys try to prolong tr- a kind of love play, Vs' hen Ihc dancing partner 
responds to this inviudon of (Ik boy. i ts a sign of far interest and 

affiaaimi and even moj^, 

Passing of f'.wsd as a gesture of con I act readiness cun alee* be "b- 
served in small children, I recently observed this in a 3-year<dd girl 
who was a cue-si in our house for the hrsl (ime. The child observed 
her pnrents, whu were engaged in rtiendly eonvetsaiioii with us but 
she «n m frei shy. After lunch while w C were drinking coffee (he 

* Hermann psevHSusiy r*pj»«*d ih»i — us* ZA&14I. AnftMlt f*<ntQ*u Ih#om 

lit |hr ■■(Fqrgi «t {hMH|) WAKC* A JW* B-pWMOn Of InAOCWsp bMSWMl 

Wert. AceepMAM el 4 et*n*0 p-sc* c* iAb»w nv * iH • s*eW 01 * M whwft id. 
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fir] suddenly »inc up. Look a tin:kit from a plate, and fust it rti 
nit smiling somewhat *nabarrswsedly, She repealed ihss with .in ob¬ 
vious flirtatious behavior aiid was happy when J accepted and me 
(be cook it. l-'rom the re on she fell completely at case. 

Tbi* gCSibre appeases even those » ho arc enemies, as an acquain¬ 
tance of mint experienced during rite 'far. He had been ordered in 
capLure a prisoner from an enemy trench lo obtain information from 
him. an ad (bat he had canted ou( successfully on previous occa¬ 
sion*. When he jumped into (he ITcnch with a drawn pistol and 
pointed jc at Lhe enemy soldier, ihc soldier,, seared as he was, held 
run his hand with a piece of bread in it. This gesture id changed 
the mood of my acquaintance thaL he was unable ro carry out his 
tusk and wuhdrew, After 1ha( he was unable to carry out similar 
missions, The food industry uses (he fund ion of forming bonds by 
means of food and drink, in its advertising (fig. 271). 



In [he cases described Iasi. the agreement lies in (he principle, 
not in Lhe formal paLlern of movements. The motor pattern* arc nffl 
umate but certain indinations are. Ji remains to be ascertained 
whether ibeve are caused by innate releasing mechanisms or by 
specific drives. 

Not only lhe comparison of people from diti'ermt cutLurc-, (p. 
416). but also comparison with animals tun be very revealing. In 
addition- Lo (rue homologies, (here arc many analogies dp. I#7). which 
were discussed in earlier chapters. China pan itees show a smile lhai is 
quite similar to rite human smite (fr. Kohls I^JJl sen; also big- 272). 
Many similarities tan be found in greeting behavior: We mentioned 
the eyebrow Hash, nodding, kissing, clasping, and giving hands 
(p. 4JO). I'lie form of greeting Ltui is found among many peoples, 
the rubbing: of noses, is probably not derived front the kss--. but has 
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anoihef origin. When Bali Isneis g/cei each «ihet in ihr* w.iv and 
ihsy br<aiht in deeply, it is a Lind of (fMv snirting. l hir sense of 
‘.rticil does play a lancer role in (tie social relations between people 
ihan a generally Kidircd In the C-firman language one speaks of 
noi bemg able io stand another 1 * ixlor (mann Lann jeenaBduft nkhi 
riccherl) when <hil- c-annoi stand amnhtr person. T. Sehuluje-Wcstrunii 
j |%!l) discos ered a quote from k Snermann which say-s Lhat among 
ihe kanum-irehe tribe of southern New (kinfa ii is .m express hki 
O i" close friendship when one lakes somdliinj of the odor of ihe 
person who leaves. The person who remains reaches lender die arm 
pits of I he one who is leaving, smells The hand, and robs (he odor 
over himself (Fie.. 273]. 

ft has frequently been staled Lhat in cultures in which Ittldek 
ness is expressed by rubbing noses, no Lasung exisis. for example. 
ihe Papuans* Polynesian}. Indonesians, and Eskimos. This statement 
is based, however, on incomplete observation. In (he first Ihrcc eist- 
tural reasons f observed that mothers hugged and kissed thL-if chil¬ 
dren, even among, stone age Papuans of a remote kukukoku village 
who had only 7 nroatths prior (o my sish has! iheir first brief ocmUd 
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with 4 government patrol (I. Libl-LtbctlLldL 1 ‘yissi Ji is vcr■, uithkeh 
that lhc-.e mothers learned this behavior from the palrol members. 
In ihc iiiuw Papuans I »lio mis- a father Mu his son on fiw check 
Align he greeted him. 

Of old inheritance is also oar threat posture, which is expressed 
by rolling, our arms inward in the shoulder-. and during which the 
hair erectods on ilie shoulders and hack, contract. although no 
longer have any fur. We experience this contraction only as a shud¬ 
der. in chimpanzee*, a liich assume the same posture, the hair be¬ 
comes erect and their Outline is enlarged (& Lorenz 3943]. 

Jn response If strong acoustic stimuli people raise I heir shoul¬ 
der-, fctecld thfif head xligbily fortw'ard. and d«c their eyes. Reactions 
homologous to this ’'neek-shouidcf reaction" are known from other 
mammals <;]•' Spindkr 1958 k 

A very curious display behavior of many primates, including 
niim, was pointed out by D. W Pkhjg and others (1M3) and W, 
Wickler tl966ek Squirrel monkeys display against conspeeiftcs by 
presenting, the erect penis when they mecl. liven young animals 
show Hus, In the common marmoset tCflMiTArf.tyurehtf) mates dis¬ 
play in defense of iheir families by raising their tail and exposing 
ihe rear to the opponent. The testes are pressed into the scrotum, 
an erection takes place, and the males urinate, After this display. 
I hey retreat 1 o a marking place and mark it wiih urine. During the 
threat display they look buck jo the opponent- The posture of shew¬ 
ing the rear to the viewer is probably explained by the llight motiva¬ 
tion of the animal. J-emales display in a simitar posture, and not 
knowing the behavior of the males one could be misted to assume 
that the posture derived from a female sexual presentation. This is 
not the ease, however. The females imitate the mule posturing. 

Vervct monkeys, baboons, and many other monkeys have been 
observed where severe! males sit at the periphery of their group "'on 
guard." It was believed that they were watching out for predators, 
ism I has precisely they do not do. Instead they slink away as incon- 
xpteuously us possible in such caws, W. Wick let bus discovered that 
this behavior is direcied against neighboring troops. The "guards" 
always sic with their baeks to Iheir own group and display Iheir 
male genitals, prominently, which in these annuals are very CM- 
vpicutsusly colored < Plate VI11 and Fig. 274j. When a -strange eon- 
spccific approaches the penis becomes erect and m so me species it 
is moved rhythmically. This behavior is u display that serves to mark 
the territory. Interestingly enough. Lh« same behavior cerutd be 
demonstrated in man. Some Papuan tribes emphasize their mascu¬ 
linity hy artificial means EF'ie. 275), In some male dresses of Europe 
this region is still emphasised todas- Hv deco fa live embroideries. 

On the Nicobar Islands and on Bali I saw fetishes with an creel 
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penis which are used TO W.irJ ialf jjhi'Mv (1 LiN-Lihe-k’Jdl ami W 
WfcLIer f^S). W. Wictlet tailed attention io stone coIuibik in 
ancient Greece ftiih a man'} head and a peni* ihai were used .it 
properly markers. Phallic ’guardians' tan lJ Iit wood or slont can 
he discovered in Romanesque chmebm fin Lurch. Wfsi Germany 
.mil Ss. Rmv. Kraneeh In modern Japan phalli', amulet* arc -lill 
used. Sir example, to protect against car accideniv fl ip 276 > In the 
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VlmctiBi of Unit iAusLrialonc finds amulet-. ihai duprct male >hujI 
organs. ll Ls possible thal pathological exhibitionism can he traced 
back to a Jrivc iy display (Fig, 27b), This hypothesis is supported by 
the observations of J. H, Schultz (l96b|. The silling position of men 
differs clearly from lb.it of women and is reminiscent of that of the 
monkeys we discussed (O, IS Hewtt 1957). 



fiyutn 276 T*,<i .im^iei* -«Nch i 1 -* *j|htn gcqiiMMf mi Japan .1 agaia fwnptoj ih.v *i« 
hr^rtekid s# p»wa*e; ihj ,«**-*■ Ox# tNswt 4 Mwe^:*rj^a f-ica on iis l>rsnl. D-f 
ttmo'rr .J 3 o«*f .in ih* b*A a -jpldafi p*mf bHK^vn*i, m is'* Ihfl p&wtc n MvscrtMWJ 
with w* wands. Tn prciscl ^aHic jcoJcp'j. " Tha UwNMoetg lae* sms philL>t 

*r* rtp»E4«|!y !m.md thlTYllS ,r> I -punts Mff^h yf m«ri XI o|l4T pDieCttn 

AinOH. l&C* *90 I. t b-tOWfUC* *>3 VV. WcM# 11 0 0 6l.i 


W. Wilier derives ihe genital displays of primates from urine 
ceremonies which Coniain dements of copulation behavior ip. 97|t 
tn mjity mammals males mount con^wcilics of the same ses during 
an aggressive assertion of rank. ft. Schcnkc! (1947) described: it in 
wolves. I. Eih-1-Eihesfeld.t (I ¥-3(1) in house mice. &. Zuefcermann 
(IW2) in baboons, and C. B. Koford (t9*3) in rhesus monkeys, In 
rhesus monkeys '"rage ooptslalioni’* were also observes! during ihe 
course of aggressive wnlliets, where the aggressively aroused indi- 
vidauts often mount a Lhird one who is not involved ■: C Ft. Koford 
i%l). It should be esamined to whal degree this occurs In hum.ms. 
In a rote ml Folkh novel. The Painted Bird,* I found Ihe reference 
that young herdsmen rape si rangers who ewer their territory, a. P. 
Wilson ipersonal commupieaiiofl) told me dial in some prisons tn 
the United Slates new prisoners are occasionally beaten up by the 
other Inmates, If ihe person does not light back like a man. be us 
treated like a girl and is raped, In short, mounting, in many pn- 
mates, possibly including nun, is a denuonsiration of rank of an 
aggressive nature. It appears warranted to me lo interpret ihe 


' J. Kavrvtii, i966, Jtew Vort. (Pircisi Batiks, i 
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■'filing on guard’" of raany primmcs as a further riiuaWation of 
ihi' behhvior (live threat w mount! 


Releasing mechanisms, key stimuli, 
and releasers in man 


The experiments carried out on ,i large scale by industry and ihc 
arts using varioui models show. just as certain mbcurrkijes ot our 
csiheiie and ethical value judgments. ihai «v reticl alntosl aulo- 
maiically lo certain releasing stimulus situations in a predictable 
manner- This is likely to be on an inn,He bast*, although a definite 
proor cannot be obtained because persons who have grown up ^Hh-- 
oui experience arc ncl known We knew, however, from infants, 
thal I hey react innately by smiling to certain vUmulu* Wrt%ura- 
tkmx Cp. 403k *• L Funu 4 196? 1 furihermorc shewed that children 
already preferred a schematic representation of o human I’swe over 
an array of cUher stimuli during I hen lies* week of lift. 

Ik. Lorenz liSSHH) slated Ihat the behavior patterns of caring for 
voung and the alTcclive responses which a person experiences when 
con fro n led with a human child are probably released on an innate 
basis bv a number of cues ihai characterize infant* &pc L uK .1 IJs the 
following characteristics are involved 

1. Head large in proportion lu the body. 

2 . Pro! ru din e forehead large in proportion to the sire of I tic rot of 
the face, 

3. Large eves below ibe mid line of ihc total head. 

4. Short, thick extremities 

5. Rounded bod) shape- 

b„ Soft-elaslic body surfaces 

7. Round, protruding cheek*. which are probably genuine differen¬ 
tiations with a si ana I function. Sometime* ii is s.ud I hat in the 
corpus a d ipoNUiri huocac we have a mechanical Minlorceraenl of 
(be wdes of the mouth 10 aid in sucking, but this is nm proved 
Such an additional function is feasible, id fame, bul w« notice 
ihai monkeys and tuber mammal*. can gel along without Lhi- 
formation This argues for-a specifically human organ that e* ob eJ 
in Ihe service of signaling 

These phvjksil attribute* ;itc further enhanced by bebiivionil ones 
such it clumsiness. When an object possesses some of Lhesc- ctar 
acieristircs n relenses in children *e>m< typical affects and beta nor 
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patterns We And ihe*c objects “suis" and may w»nl to pick ilu-m 
up—to Cuddle ihem Ji (IShfrS) dcmLOTM rated sspen- 

tnemalty that the rounded forehead and the fflaiivdy large brain 
case arc important characteristics or “eulenos" which can be esag- 
gerated m an ^pemncnl, The doll and Him irwJusIry utilise* (hi* 
possibility ami cnn»nrticls “supernurm^r (p, 82} model* to didl 
behavior of earing; for young. Animals are at-*r considered etiie if 
they have some of the child characteristics < I : jS 5. 277 and 2?8>. To 
be considered cute il js enough that ihc parakeet hits a round head 
and (bat a young dog U stormy and has E'c-ei mush Wd big for his 
bi^y. In Pelci pew Jogs breeder* seem to have produced a perfect 
Mjbsiiiuie L>bj ft t for the un fulfil led moShering. reaction of older 
ladies- By ofleting cats to caperimentul! person* of different ages 
P. Spindler (l%lj released the typical patterns of caring for, The 
reactions (affection, euptioiy, palling.. bending down the head, talk¬ 
ing pet names in a high-pushed v^ee) muiine at an age erf d 

li is abas passable (hat the understanding of expressions if. given 
a priori by innate releasing mechanisms, because we arc easily de- 
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Figvf* 2 J 8 led. (wwnphjwnj ih* bJKTy 
(MfKHHl4i lic«frt |ft* De^mb*. 1966 -««• 

CA i.VjnJ -M5TO Joufnj/ * 00 v* ftlnry ft?j M 
An*'.vn|j<!<>l lh* fcJfljefMiui'- IdCr,. C.riJB,n lr>- 
■■ 3.1 *ci. htahe rhB "p.-rded shjf.- rt^d ir>n he.vi 
fcddv rplaricnt 


reived by simple models. A -crying, of Lui.uhn^ Hive iSin lie 4epic&ed 
with a few slTokes, 5 When we see such esprctkion* in aaiim;il> we 

ttMKidrf "Jili:i I fiend 11' (YfiitfUfaiiH diK'ki), iitrugitnl i.-_-i i:il Ji. l>j“ diimiy 
(eagle), although thii h.i* nolhing to do with the actual nsi«>d of the 1 
p,iMu;uI.ir animal (J ig 2l^y finally. the automatic mictions to ihe 
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expressions of another person argue for innate releasing mechanisms 
thin deremine a response la an expression. We already mentioned 
the disarming smile. 

Thai we cm respond innately Co human expressions has been 
doubled, primarily on 1 he basis of experiment. Subjects were pre- 
■■ei'i led wi 1 h enlargements made from a Him and other photographs 
of facial expressions far Iheir evaluation (for example. B. M Turban 
HMvIJj. Hi? subjects judged the pictures quite diderenlly. something 
tha 1 ikuulJ. not he surprising. Expressions are sequential strut I ores. 
If one wants to examine iheir releasing effects* one hum present 
Eh? film sequences to the subjects and nol present only single frames. 
When a biidogist wants to tm the releasing fu net ion of a certain 
bird »ong he due* not present inti) 1 a single tone IJndowbiedly 
[here are sEatk expressions Lhal can be recognised even on a Mill 
photograph, bul vmally the releasing effect comes about as a result 
of the entire sequence 

P. E km an and others 1 .1%9) found that observers In boils literate 
and pre-literate cultures (New Guinea, Borneo, United States, Brazil 
and Japani chose the predicted emotion for photographs of the 
face- The a&ocialton between facia I muscular movement-, and discrete 
primary emotions is evidently the same cnsscultiirilly. 

bye spots primarily excite die attention of im ebtChW, h.. 0- 
Coss (I9GS,, l9Hf| measured the pupil reactions of persons who 
viewed eye spot* that were presented singly, pairs, or a group of 
three, each consisting of concentric circle Imitating pupil and iris. 
The strongest responses were obtained lo the paired spots, and the 
responses were stronger when tlic inside of She eye spot was dart. 
The response IO double pairs of eye spots curled, depending upon 
iheir spacing. Horizontal spacing caused a stronger dilation of the 
pupils than a vertical one. 

Wc judge our fellowmen on the basis of an formation which is 
most likely also inborn, The wide ■agreement of certain mak arid 

lcEii.de ideals i d beauty among p?npk nt uli il c rent uiIImtcs points 
in this direction, as well as the Jjcl that exaggeration tvf individual) 
characteristics on models is so effective. In men broad shoulders are 
desirable, and rarely will «c find a hero in arl or literature who-has 
narrow shoulder The width of ihe sbould-ers iu relation 10 the 
narrow hips is very effective, although ii may be tremendously over¬ 
done. as is the case v* id: Greek vases and statues (l : ig. 2$0J. The 
shoulder* ore also frequently emphasized by men i?it.mgh clothing 
Furthermore, we value long limbs as well as slenderness as noble 
■oid icrina all nfuajo consider gazelles and oLher animals with 
such characteristics ,i* iiidde. wtineas the plump hippopotamus is 
considered ihe opposite, all hough gazelle a rid hippopotamus each 
are perfect adaptation* <0 .1 particular ecological niche. The female 
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FiUpu^B 380, ■i*jHKV*f<yvj ^1 ih*. mN| o( tf*» ihooldm « iihk mile re*yewnr*. 
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ideal of beauiy swim Lo comuM of dliruKriMin Ihal mas bn; illuv 
(rated, according to K. Lorenz 1J 943 1 . by I he *kipe of the du^ral 
VrtUi and | ho prehistoric Venus of WilkndOTf jJ-ie 2 hi). To I hi* 
day people e*i$L u-hos* ideal of beiiity C0lt«|*0nn;K to that of the 

piohisloric Vefiu*. ifl lhtr mailt outlines to liit-h ii tharaCWfiAjd, .mi.<ng 
other things. by a conspicuous sleatopyaic (fa l deposit), a character 
displayed to this day by KoHenlol women, 

The seconds ry MXtHl s.hjiactei'LtiJL.., erf ihe tooituii ar< mHiui’«(li 1< 
indicators of rltt horntona] sexual fundioms. and Schopenhauer re¬ 
ferred it> (hi* fact in hi* tkr i»'s?hitvht\!u‘lu i .Vi iaphvw 

of Stxuai Lovt-y. 
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A M BOSOm in $ woman h#s 9 pov.*Hi.jl *tir*;n}n r© |hgi mjl© s^i. ©MibiiS 
! proiTiSAs. in confirpo'T'imc© rtfilh Hie ab ly id jKQpagala in the wpmjn. 
abundant rood lor 1*m newborn, On Ihh other barni^ B-AcejSirtly lei women 
<e‘ueM.< a p*#l-r s «g of c -mutt, iha rus&n bc*<m Hat these anot. jict indiceie 
*n iirpptiy ol ilie uterus. rhjr 15, tfiftrtifoty. whmln 4 ry>i Inown by (ho JiCBd 
Cot by inftmei, 
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Some of ihe itnpofi^ni cwnponeflti that are indicators of nonml 
sexua I function in a. woman are a slender waistline (lacking heavy 
adipose deposits), red checks and lips, as well as perhaps ihe shape 
■of Ihe pubic-hair region. Tlhis is not a complete iisl nor does it apply 
to members of all races necessarily. We know of some of these char¬ 
acteristics Lhat I hey are exaggerated in an and are emphasized by 
fashion.. l ; ashioii designer? inpnrvr the releasing eflccl of I he female 
hruia by the use of padding, and in ihe previous century the but¬ 
tock region was especially enlarged (cal de Paris). 

If Morris (I'M) inlerprels the breasts and lips of women as 
Sexual signals ihji -icy protected to the IfLiut. Oui apelike ancestors, 
so argues Morris, mated by mounting from behind and reacled to 
releasers visible from behind (fleshy buttocks.. red labia) Walking 
creel kd to a redirection of llhd copy lately pH.xsiiii.Mt acid it b«tmt 
necessary to develop sexual releasers on the front of the body. 
According to Morris this came about by the evolution of OOpici of 
the labia *v bps and buttocks as bosom On ihd ffOflt- The pulled-up 
breast of a movie star nmy evoke such associations, hill a normal 
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bru»l i* just as dissimilar from buttock* as lip* are from the labia 
Morris also overlooks ilu< liatl ibat men also ha%%- i^d Sip-, ths 
thesis is hard lt> support, especially bwm*e more likely interpret*, 
lions exist i'or Ihe development of these release r*. In higher verre- 
bMlei behavior patterns of Care for young has t: a calming ell'ecl. 
for example, cuddling, feeding. eluipmg. and social --is h mi mg. I-sit-lic¬ 
ence young mammals run toward their Mother to nunc, nnd children 
can t>« calmed tviih i paeifler. In mans higher mammals behavior 
patterns of caring for young base been iai.cn i»s ex ax precopulaton 
behavior. in man among olher things sucking behavior (noi to be 
confused with kissing. which tx a form of ritualized feedings. In 
fiomwetioo with this ihe offering of the breaxL as ;s female contact 
gesture could have been taken over into the sexual domain and in 
this way Ihe breasts acquired thetr specific releasing function txve 
also W. Wi elder I9t58x The lip* in turn acquired their signal f'unev 
Lion as ;i result oftheif role in kissing. Kissing is a mutual activity, 
so both Sexes evolved lips with signal functions. 

The advertising industry uses our readiness to respond lo ‘whciI 
teleasers to atlrucl our attention and W direct it to Lhc actual 
message (Tig. 282.1. 
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Tli lic is much evidence iliac even our esiheik judgmem* n^un 
the ck L-ern-HI environment beyond members -of cur own species are 
influenced by innate releasing nieehaitijms. The paintings Of chim¬ 
panzees (p. 24S) indicate that certain feasie esthetic peeve ption ■. 
are already present in animals. This has been demonstrated by B. 
Rerasch ( 1967, 1958. 1961) for other apes or monkeys and for some 
bunds (carrkin eT-ows and jackdaw*y, who preferred reguhi r geometric 
paiierns over irregular ones. 

We know only very little about releasing stimuli of other senses. 
With res peel (o odors we cited the investigations of J LeMagnens 
(p, who found that girt* and women Cart smell muslt sub- 
stance* when they are Sexually mature whtch men Cannot perceive, 
unless they have received estrogen injections- A- s. KfaffoEbirtg 
(1924) reported ihe case of a young man who sexually aroused 
peasant girls by wiping their perspiring brows after a dance with a 
handkerchief that he had carried in his armpit. In Mediterranean 
countries forms of dancing exist where men dance around I heir 
female partners while waving a kerchief It i$ Said that in some 
areas it has also been carried previously in their armpiis. It seems 
likely that certain pleasant as well as disgusting odors are reacted to 
on a, primaiy basis; the tame seem* ime for cenairt taste percep¬ 
tion*, although occasion jISv the key stimuli can be falsified, witness 
our reaeiion to saccharin. We seem to prefer sweeL-iasting food. 
Normally such substances are rich in carbohydrates and hence in 
alone*. 

Certain perceptions of tactile stimuli release specific defensive 
reactions, “creeping things'" on the back of the hand release a shak¬ 
ing movement of the hand, which K. Lorenz interprets as a defense 
against insects A protection against damage of (lie teeth is pre¬ 
vented by a faction to acoustical stimuli &h;ifp. screeching noise* 
release this reaction whether we bite on a hard objeci or scrape 
with a knife on a plate, which in some persons is felt as pain and 
projected into the teeth. The reaction consists of pulling the checks 
between, the teeth and performing clean ing movements with the tongue. 

Acousiimd releasing juumdi have been little investigated- The 
crying of babies, Lhe sobbing of another person, Lhe desperate cry 
for help of a child or a wusman move and alarm us so strongly that 
ore may suspect an innate basis. A pilot study by K- H. Hess and 
ft fleck (1967, personal communication) supports this hypothesis. 
Using Lhe pupillometric technique which Eless developed, they 
presented male and female adult subjects with tape-recorded sounds 
of a baby (l) crying in pain. (2) Ctyiftg in hunger, and (Jji babbling 
I he g,reaie*t positive pupil reaction was recorded to the babbling 
Negative pupil responses were recorded for Lhe two type:- of crying. 
The reactions were not uniform in all subjects; that is, some showed 
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dearer distinctions than others. Sex JLU'ereftoes were not J n r at 
in (ht yiu.ll sample of the study. and further work i- be in a done 
Induubiedly lhe internal «aie cf the subjects at the time of the 
study and iheir marital) and parental siaLu:- could have an dfrct on 
the responses. Soft or harsh tanveriation can also he recognized 
without spedhc knowledge or the particular language- 

A fcaui Of inborn releasing mechanisms mas account for the 
effectiveness and appeal of the highest artmte repressions. In music 
rhythm undoubtedly plays a (are? role and we mentioned that 
various physiological rhythms can be brought into phase with a 
metronome even m animals. W't also pointed oul Lhat all of our 
close primate relatives display bs him rag resounding objects. Drums 
are among the oldest musical instruments of man, and as war drums 
they still serve ihe futttdons of threat display This is irue j|wi of 
some other typical noise-producing instruments (horns) which .uc 
used l.o intimidate in place of shouting. ] here are strong indications 
favoring ihe hypothesis that we innately recognize particular melodies 
as touching, dunning, soothing. and so on. We describe melodies 
by likening them, to typically inborn localization!, such as sobbinc 
or joyous shouting Tender or Tumbling sounds siand lor the lin¬ 
guistic expression of tender or anary words Tender words resemble 
higher notes and wc know that even little girls raise their voices 
uhen they talk to a little baby. The shrill vocalizations of an angry 
person are universally understood and we find them uncomfortable, 
f. Kneutgen (in preparation) studied the lullaby songs of carious 
peoples and came to the conclusion that Ibis is the most uniform 
musical expression throughout the world. A Chinese lullaby is ju&f 
as southing to a child as a German sung Or any other. When listen■ 
ing to lullabies, breathing becomes shallow and regular like that of 
a sleeping person. The characteristics of this form of breathing are 
also Ln the structure of the lullaby The regularity of breathing is 
reflected in Ihe regular components of the song. Wl«n a lullaby 
is played on tape, Ibe breathing rhythm of the Ibiener adjusts to 
Lhe melody: that is, the breaths become as tong as a phrase of ihe 
song. The inhaling phase of subpecls generally coincides with ihe 
gradual rise of the melody: ilk exhaling accompanies ihe gradually 
falling melody at ihe end of the phrase, Hie breathing seems to 
accompany the music. The shallowness of breathing is matched by 
the simplicity of the mekidy. There are no large interval*, which 
gives the impression of a gentle gliding. The listeners fed relaxed, 
ihe frequency of heart beats decreases, and Lhe psychogalvanic -km 
response shows liLtle change In another experiment, when jazz * - as 
presented under idcntH'al conditions, ihe subjects became excited. 
Urccilhing became Lrrcgular and the psychogalvanic win response 
showed irregular changes. After the subject did Jmeebends, heart 
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and breathing became normal within 3 minutes when they listened 
El> ;i hill.jty,. anil lUltim 0 minutes without il. When jar£ Was played 
it Cook 8-9 minutes until bieaLhirc and pulse returned tu ihe hasp 
line 

When we examine our music we discover that wnpoun use 
these key stimuli intuitively to evoke various emotions in the lis- 
leneT think for a moment of I he rumbling dm ms of Beethoven's 
Fifth Symphony. The releasing stimuli are artfully eAcaded and 
lose much of their llashy obtrusiveness, which 1s a characteristic of 
populur music Chat U largely produced for commerciat purposes. 
Because of (his coding of key stimuli it also takes awhile before 
one is able “to listen one's Self into the musk.' 1 So 10 speak. By 
the artistic manipulation of the releasing stimuli the composer can 
cntle and dissolve tensions in the listener. The highs and lows of 
emotional experiences are touched in an ever-changing pattern 
chat cannot be experienced m everyday lift This heightening of 
experiences is perhaps one of the most important effects of music 
It is most certainly not the only component of artistic, musical 
creation, hut it seem* id be A Substantial one. Added is also the 
pleasure in the playful experimentation tied in the construction of 
new and different structures and sequences. 

Inborn releasing mechanisms also seem lo determine out need 
for cover and unobstructed vision into the distance. Persons who 
have had no fateful experiences with others or with predatory 
animals occupy comer and wall tables fmsl in a restaurant, the 
tables in ihe center last. Children feci comfortable in niches and 
like to build such cover when they play. 

Thai the biological processing of data relating to the perception 
of space as inborn has been shown by experiments with cals and 
human babies at Che visual cliff tH T?. Walk 1966k Form constancy 
with various reti nal representations of objects is not the result of long 
experience, as is widely believed Babies less than 2 months old 
are capable of recognising form constancies under various trans¬ 
formations {T. G, Bower 1966). By turning their heads the habit* 
were able to operate switches in their cushion. The head-turning wa^ 
rewarded by the appearance of a person smiling at the baby. The 
babies were conditioned to operate Ihe switch when a JO cm cube 
was shown at ft distance of l meter. Once the children had learned 
this, they recognised the cube also when it was shown at a distance 
of y meters. They distinguished it from a 90 cm cube shown at a 
3- meter distance. although the latter project* at the retina an image 
identical in sire to the image that Lhe 90 cm cube projects at a 
I meter distance. This ■supports earlier hypotheses by K Uinfnv: 
t]9J3j. Innate mechanism* are probably not only underlying Otu 
perception* but also our forms of thought. 
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Quils: remarkable finally as k Unenzs view 4l4JJ>ihji i number 
of stimulus Miuatkms which affect our cthkag value i uhJ^- 

tiierns are nullified by innate eclea>;inii mechani'ins In Lhe art .nid 
tilecture of all peoples there are recurring themes. stlujlkmal 
ctichis; loyally of friends, manly courage, love of homd-intl, hue 
of wife or husband, like of children and parents all art the nuihle 
basic motives of human actions 1 hat we follow from an inner dis¬ 
position. They are Lhe basic Lhemes {'Leitmoiivc) Lkf literature and 
the theater from lhe ancient world to this das We are tripped by 
the nccounl of the friend, who sacrifice* himself for his fellow. and 
we identify with lhe hero of the legend or the western nuns it who 
liberate* and protects the innocent girl or hdplevt child If [here 
were no innate pred^wimt for ethical behavior in mar, if there 
were no binding norms for what is basically good or bad based on 
phy3ogene(w:ally acquired adaptations,, we would be in a dangerous 
position indeed A cultural relativism is the logical eortsc^weiKe. 
and any cultural norm agreed upon by a society cotild exist right¬ 
fully. Environmentalism would pros ide the excuse- and l stunebnnj* 
wonder why this dancer is not seen. 

E do not imply, however, that we have to follow every “inner'* 
value judgment W> mentioned thaL animals earn along historic 
burdens—structure lhat evolved during phylogcnv w hich bx the 
Changing env ironmental situations have become maladaptive. The 
append!* in man, which coused many deaths in former centunev is 
one ca.ample. I n the Mine way we can. eortsittef some of ou r prrpro-, 
grammed ethical '’values” as being outdated We mentioned, for 
example, lhat there is a strong conformity pressure in groups nr men. 
and outsiders are reacted to slrongly. a pattern found all over the 
world—ex’en in receni times ] hroughoui historx people have reacted 
emcnionftfly Against deviant* .rod ntmoiriies, and demagogue* justified 
Ihi* as a “round popular iostmc-i.” 'Needless 10 ^ix. this is niafadap- 
sit e. We have fbfihemorc reached a lex el of consciousness tho I 
mates us realize lhai those dillerent from u-. are rronetMest; basic-alh 
the same and that lhe diversity cOfUtiime ihe particular beauty of 
mankind. We have ihcfefiwe to curb our archaic intolerance by 
encouraging thi-, level of consciousness and latmg advantage of our 
deeplv rooted drive to bond. 11 

The reaCtkins 10 these sh national clkhes, on the one hand, 
assure* that in exireme situation* we will behave correctly in line 
with requirements for the preservation of the species At the Mine 
time, however, these reaction* also harbor great danger in the pres¬ 
ent age, which tv why insight into Ihe basic underlying mechanism* 
is needed, This is especially true for the social fighting read am. 
whose function is io defend lhe group. The aHcclivc correlate of 

* A *fi i*# Uc^jr m m»s Ur m* AyUWH * n 
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training, whhiti is experienced as (Jilhuiiiun n is not released only 
by an iitftu.il threat, With, ihtf great aggressive readiness th.ii is a 
part of mart, even a reference 10 a possible threat is suflkknl 
[Li [please it—an observation that demagogues of all times have ex- 
pen ly used. 

Primary and secondary means of 
stabilizing human social behavior 

It i$ a fiJi I g-1 IHh iftbdrrT irv:J iWtf 10 he rwOOved inequality Of hum,in Ex; ng; 
lhal Ossy tjfeat down mlo luaderv arO (pilcwnrs. The la-iter aft in Shu qver- 
wl-fliffimg mijoftty; thflY hart no*? oi amhowiY which mates dee ions ?tx 
ih*Ti. io Lvhoh Ehoy siAynii •*.rhour queatan (S, Freud i$32 in a 

loiter to A. £iftsiem r (i9SG, rti. I6:20|i. 

Are striving for rank and the readiness lo submh actually ch;ir- 
aeierisiie of our speeies, S. Freud, among, eh hers, assumes, or are 
[hey Lhe products rtf education? To whal degree are we by nature 
social and in the final analysis political beings? Or are we. a* Hobbes 
asserted, forced togeiher Against our will by authority? In Lbis nc- 
tion we want to examine and trace the biological bases of our social 
behavior and ask ourselves to whal extent it may be determined by 
phylogenetic adiiplalions and what has been since acquired. 

Ii is easiest io disprove Hobbes 1 statement when we take the 
family as out point of departure. Mother add cl i :l«i afe in a iiJIiir.il. 
well-adjusted relationship to one another on a partnership basis J 
BawJby |195Si has enumeiaied in detail hois ihe bond between 
mother and child is at first brought about by a number of inborn 
react ions such as sucking, clasping, trying, smiting, following, and 
by ihe appropriate responses of the mother who loves her baby 
ip. 432). in which she responds to certain releasing stimuli. Theories 
which are based cm the proposition that the child is only secondarily 
lied Ll'i Lhe nmllici because she fills its nceil lor frtcxf and watnilh 
Juivc to daio been no mote supported by fact than the assertion 
that the child resents being bom and Attempts (o return 10 his 
mother's womb (M Klein, cited by J. Bewlby 1The bond 
of the child to its mother is a primary one and develops not via 
the “self-love*' c>f the child because Ii is fed bv the mother (K. M. 
EJanham P??CJi. Even lhe individualized relationships between mother 
and child, which develop gradually through learning processes, are. 
.is we already duseris-sod. pfCignimnied by innate learning dispositions. 

However, non only (lie mother child bond but also lhc per¬ 
manent bond of ihe parents to each rafter seems to depend in man 
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on something more than jusi (radiikm. Tfxdilkwi div.-* determine 
whether a man may hav* one or ninny wives. A pcrmaneni. loop 
hi'bn a association of ilitr partners, however, h generally (he rule, 
nnd U CietettiUttd by (he slow dEvelopmem of (he human child 
Among ihe many mechanisms llvai tie people tog^he*. which we- 
diwrussed ciriicr. we also find a farm rtf sexual bondiin £ di.n we *in 
jioe know of in ocher mammals: (he latter usualls maie i^nK during 
(he shern esuous periods of the females. Only m the chimpanzee 
have occasional copulations outside of this line been observed. R 
M. Yet feet (1948) wrilrs dun chimpanzee females sometimes pre¬ 
vented themselves Successful^' outside the eslrous period and gained 
certain advantages from a particular rn.sic such as heins first ai 
die feeding. place. In ha mans l he limitation of the sexual drive 
and desire to specific cycles or seuons has largely been dimifWIod. 
A woman is physiologically ready 10 respond jnosi of the time lo 
(he sexual desires of the man, although she is ready to conceive 
only during a fraction of lhat lime. This enables her aim to main¬ 
tain a Lie wiLh the man on (be bash of a sexual reward, and Lhss. 
is probably Che function of ibis unique physiological adaptation. 
Also in Ihe service of mainlining a bond between partners is the 
ability of ihe woman CO experience an orgasm comparable 10 dial 
of (he man. This increases her readiness to submil and. in addition, 
siren El hens her emotional baud to the partner. 

Because of Ihis. the sexual act of humans has acquired a sig¬ 
nificance in ihe social life of in no which goes beyond the need for 
reproduction. One argument of the church against birth eonLrol by 
preventive. artificial means is (he supposed urmaturalncv* of such a 
measure, which is based on the widespread assumption that the 
sexual ad is only in Ihe service of reproduction. This is so in animals. 
In man, in addition to ihis function, there is also the imponanl one 
of maintaining ihe bond belween partners The sexual act enhances 
Ihe relationship between people in a way run present jn animals 
The -erroneous interpretation of this process often resulted in calling 
iin mural she speviliculEv human aspeeL of this behavior by admitting 
only the animal aspects of re product ion. which in the long run, 
results in a superficiality and disruption of tit# relationship* between 
partners- We have already seen oilier comparable extensions of 
functions and want to refer here only to (he ritualized feeding 
which is in the service of maintaining ,i pair band {p. I06JK W 
Wkkler (1965b) showed ihnt (he presenting movement of female 
primates has often become riluntired into a greeling and has been 
used as such by males. In a similar manner ewnship movements 
in fish were ritualized into appeasement gesture’ In all these in¬ 
stances sexual behavior became invested with a new meaning <W 
Wickler l$66et The sped Ik sexual act is limited in animals n> the 
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fwrsi.iii.Nii of RproduCliMi, us. fir ji* i*f know today. Recently W. 
Wickkr i; I‘Jfcsc .1 discussed in more detail tIII- bonding ImiL'inin 
human (nualily. 

We humans chi out only live in family units but find ourselves 
in village aHnnuiiilki, circles of friend!!.. -uid so on. and in addition 
to ull those whom w-e know individually, we associate with many 
people in an anonymous group fp. 3SI> We are also predefined 
to ill is lype of group formalion. This was emphasized by Pans in: 
"Since man is a social ani.ni.il iL is cjuiie certain ihai he has in¬ 
herited a cendetwy to be loyal towards his fellows and obedient to 
ihe leader of his tribe; si nee ihc« vJwraelenslics are common Lo 
almost all social animals’* (Tire S)c.+ccnt 0 / Man}. 

.Man is durshrrizd as a gregarious being by a number of be¬ 
havior patterns which serve in forming groups (pp, | |tv|T;, JdlfL 
The groupings or aiiwia 1 ions of men are exclusive to varied c stems. 
His gregarious lendeneies are opposed hy nongregannus ones. As 
m mtwl vertebrate*, W-C Observe in man distinct territorial behavior, 
individuals maintain distinct distances between themselves and 
others. Specifically how dose we are permitted to approach another 
person is determined by the various cultural patterns, but some gen¬ 
erally valid basic outlinescan readily be discerned (F T. Hall ISt&ft). 
One can eatperimentally overstep the individual distance hy casually 
sLttLng close to a person in the library. The behavior of persons 
subjected lo this experiment has been described by N. J„ Felipe and 
R, Sommer (1%^-J. Ihe "viclims’' at first try Co move away from 
the intruder, .oid hiding ihat. they efed arlifieisl hafriei* against 
him with books, rulers, and so on. If all these efforts to withdraw 
fail, thev leave the table. The various forms of bodils- contact such 

B W 

us cbiilmg hands, pulling arms around another during greeting, or 
sitting in close contact are restricted to certain situations and social 
circles. Children develop individual distances at Lhe Lime they de¬ 
velop a feeling tor properly |D. W. Floag 194viaf. The expression of 
both tendencies seems based on a common mechanism. 

We must expect also that human huings have eerlain needs for 
space which are based on an innate disposition and whose lultilb 
merit is necessary for our well-being. It is true ihat man largely 
creates bjs own mvinnitieni. but Us structure is surely m line wiLh 
hls biological constitution iK. Sunmcr lvbf»|. Even wiiltin a family 
each person has his own individual domain, lhe arras owned hy 
each family are more dearly marked, Apartments artd gardens are 
areas in which we assert territorial rights, and this "natural right*' is 
alntosl everywhere recognized by (he makers of laws, No oik may 
enter -another's dwelling without special pennissitm; this is eon- 
lidcrcd illegal entrance, hi caking and- entering (HauTriedenshruth). 
Tenses and signs designate our rightful ownership. The surprising 
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mUrprsEiiKifi of 'he function uf the h ernes and other artifacts hv 
Wichler has- been discui&ed ip. 4J9). Each tresp,i--s across tcrnuri.il 
bouciijacirt Li accompanied by special ceremonies ■ i j ( ,-. to fc mjLii 
unpunished. Even when we vfeii friends »c obey tmain riiuah 
<Jij1 appease aggression, for example. giving presents. wlwvh h.mc 
their parallels m the Appeusin;; greeling, ceremonies of jsiituaU 
(p. 125) 

Er even Jay life we can observe ejumptti of territorial behavior 
ufi many occasions. If one wants |o sji down al an already occupied 
labile in a reiijurrmt. it is proper to ait politelv if one may vit 
down. If erne fails 14 observe this rule one releases .inter in the 
other person. The same is irue when one ■enters-a partially occupied 
com pan merit in a train If one does not rfeei in a friend |v wav oik 
may experience an a<r of rejection. Menially -II persons are cspeviallv 
territorial and aware of rant order tfi Stichelin 1953. 1954: A. FI. 
Esser l%&). Only patients on. a very regressed! Mage slum* no tn- 
teretl in establish me and defending a territory. A degree ut aggr^i- 
sive behavior toward intruders is. (henlwe. -considered a healthy 
sign (A. H- Essex and others 1965; £_ Hacked 1966 F. Ii goes without 
saying that cultural variations exist on this basic theme 

In addition to family posjession-s humans also defend group 
Daniorin. Basically, hitman territorial behavior has ihe same func¬ 
tion as in other territorial animals. Anthropological investigations 
support this view. In the New Guinea edition of the Amt-rmw 
Anthropoiogiii 11965] h is reined Lhai before the intervention of 
the Ausiraltan government sonic highland tribes lived in areas in 
which survival was jitsi barely possible After the tribal wars had 
been outlawed the I'Vcopl-e moved into already settled and morL- 
smtable regions Overpopulation and starvation were the result. 
Among these people who cultivate mbenferou* plains. food produv 
lion soon reached An upper limit and Iribal wars served here -is 
ihe spacing-out mechanism that prevented a too chisc spacing of the 
various groups, 

Occasionally it is asserted Lhur the statements of biologists are 
Apologetic, as if the assertion that a behavioral characteristic is 
inborn would imply ihji nothing, therefore, cssuld be dials' about 
it. This is a false attribution CertiUnLy many of usir behavuie pat¬ 
terns and motivations evolved is adaptations in lhe service of ’piCitis 
functions. Ii is as true, however, that changes in 1 ho cnvirimnitEii 
can convert Ihe adaptive value of tin adaptation tnto ills contrary 
This is certainly the case with territorial aggression in our over- 
populated world bristling with arms. As has been emphasized, dfcfr 
tive control of enjf Aggressive impulses is needed for our survival 
and is certainly fusible by environmental control or other measures, 
provided we explore the' causes of this phenomenon without any 
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bids. those cfuL simply deny man's inclination m jli aggressively 
take i he easy road. H Kflmuih (1967) and M. F, A Montagu 
il%S> argued along Ihiii line, pointing at ihc existence of non- 
aggre-ssivc people, for example, the Eskimos. I he Zunis. and the 
Arape.h I ft Jlenedifl IQSAl -M, Me.nl W5; K, ftirket-Smith I‘SJg^ 
According to rsosi reporis these people lack territorial ig$fc*siOrt, 
exccpl some of the Eskimo tribes. Diil u hut has escaped their utien- 
Iion is the fad thal they nonetheless show quite a number of 
aggressive aets with in ihe group. The Eskimos engage in singing 
duels: they beat each olher within the family [K Rasmussen 1908). 
Of the Zimis ft. Benedict reports quite aggressive inilialion riles 
(see ato F. Wtidtuhn (I9bfl||. There are many facts in favor of the 
dynamic ituiinciconcept of aggression tpp. ■32G-3.J2). This hypothesis 
demand* cmmdi: onion. therefore, this tang the only responsible way 
of approach. 

Within the group the aggressive behavior of individuals merely 
Leads to the establishment of rank orders, which provide society 
with a certain (find of Stability. The high *ki nldng persons usually 
assume SOii’ic Lmd of Icadcn.liip function. The development of such 
a ranking: presupposes not only thru some members of the group 
succeed in establishing their authority, either by light log or speckl 
achievements, but also lhat the subordinates accept this rank order 
(p. 352). 

This readiness to accept subordination, the opposite of the quest 
for rank, is very striking and poses particular pFOWtfTO for us. 
Obedience to the father or some other "recognized personage of 
public Life'" is generally considered of some ethical value In all 
forms t)f government ihere is a tendency to the trull of persona lily, 
If necessary people wilt create models to be honored, and they seem 
to have a need to follow (hem. Human beings hghl againsl the rule 
of brute lurce to be sure, but they also seem to have a distinct dis¬ 
position to follow those whose authority they voluntarily accept, 
When one has voluntarily iubmiued one's seif to authority, one is 
also at its mercy up to a certain point, as recent experiments by 
S-- Milgram tlYfi}. I'JbJa, I9W) have shown in a surprising. man¬ 
ner Milgram invited his subjects (men between 20 and 50 years of 
age) from various backgrounds (40 percent laborers, 40 percent 
whice-coJkr workers, 20 percent professional mcn| to participate in 
n supposed learning experiment for a small honorarium. They were 
given I he task 10 administer increasingly stronger eleelricat shocks 
for each error a a other person made. This person w&j, supposed 10 
be learning something bnt in actuality was an accomplice of the 
experimenter tn one sc^jiscnte of Inals the was strapped 

to a chair in a separate room from the teacher (subject) and dee- 
Inttles were fastened to his body. The teacher was helped in this 
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by the ispfrinrtnKr. Them the experimenter explained to she tcvitlitr 
th-31 he *tt 1 o administer a shoe* f« each «kiac^> answer, jmd 
chai he should begin with a low voltage whack should he im.r<r 3 «d 
as more errors were made- Jn Ihis way one would be able to study 
[he ellect of punishing stimuli on the learning process. I he punch¬ 
ing stimuli were administered by the leather by means of an 
apparatus that csffltaiflcd levers far JO steps ranging from 30 to 450 
votes. In addition io (he voltage designation there were labels 
ranging, from "low shock" to "danger; heavy shock." To its! ike rule 
of live efletl of immediate or delayed feedback from (lie victim 
various candiiitHig, t>f feedback were investigated, 7 In Ike first group 
of trials the “learner" protested again si the treatment by pounding 
against ihe wall when ike 300-vell lever Iwid been pressed, and he 
ceased lo respond ai .315 volts and above. In (he seevsnd series a 
tape recorder played back the protesting, voice. From 75 volts chi, 
fwh step had a sped He response linked lo the lever: at lirxt mere 
mumbling, at 120 volts the repof! lhat the shocks were painful, 
finally protests wilh Ike demand to discontinue the test and io re¬ 
lease Ihe “learner.” At ISO volts (ke victim cried thai he could no 
long? 7 sill lid itl from 335 '.oils tin, be refused W answer bul giuaned 
in pain when he supposedly received a shock. 

The (bird series wjs like Ihe second, but here the teacher was 
in the room with the learner about 3 feet from him. 

The fourth series of trials was like the third with the difference 
that the victim received a shock only when Ini hand rested oat an 
electrified piece of nictul, From 150 volts nn, he refused lo put his 
hand back OP the shock device, and the experimenter then ordered 
the teacher, who was, in fact, unknowingly a subject, to force the 
hand of the victim onto the grid. Forty persons were tC&td iit each 
group. 

Under Ihe condition of vneak feedback 34 pence iu of the subjects 
(“teachers")' opposed the experi oners ter's instructions: when since feed¬ 
back was heard 37.5 percent did. When they were nest to Lhe sub¬ 
ject <0 percent refused and when they were (bushing him 70 percent 
refused. The less abstract and distant ihe sutlcring of the victims was, 
ihe more ike pleading reactions were perceived hy the subjects and 
the greater was lhe inhibition in the subject lo administer suffering 
even under ike authoritarian pressure of another perv.ni (the experi¬ 
menter). However. 30 pcrecni of the subject still uheyrd the instriK- 
tions of Ike experimenter when Lhey had 10 press down the victim s 
hands, 

Frequently Lhe subject would be unsure and usk the experimenter 
if they were n> continue in view of the expressions of pain of the 

T p4or Hud*! h*| ihM ju «up*«weol*l suMcl* ssreif wougn Ih* 

enlif» re* -si pwfiith«sy ivsiui. v»her- !•*»> i#c*w*d na iwCtswi IWm sullied 
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learner, Elf received the slsreirtypcd answer; "You have no-choke, 
you must ooniinue." In these iiisiartccs a divergence bclwcen what 
eJil subjects -aid and w,hat they did .appeared Although they pro- 
tested Thai [hey could mu do Mich iInti 2 - to the poof fellow, they 
nevertheless conliuoed lo idnumister line shocks in obedience to Che 
iLiiihimu of [he experimenter. 

In another »i of experiments in Vi hkh. the degree of supervision 
bs ihe experimenter was varied il was found that (He subjects more 
readily disobeyed when Che experimenter w*i absent-, The number 
of agreeable stihj,e«> was, three tidies ns large when the experimenter 
was pre-sem (had when he gave his imslructions by telephone. In 
addition,. many subjects did not increase the shock intensity when 
ilie experimenter was absent, although they claimed to have done 
hi. When some rtf the subjects were allowed to observe a staged ex¬ 
periment in progress before they look part in at as “teachers-,” and 
where Lhey could see Ihe other subject refuse to obey the experi¬ 
menter's order 1o apply further shocks, in 00 percent of the eases 
ihey also refused to obey His instruction* (5 Milgjam 1965b). 

The results of these experiments prove I hat a large number of 
persons had difficulty in opposing the authority of the person in 
charge of Che experiment, liven under conditions of vocal feedback 
subjects admini-stertd shocks to the victims in 62.5 percent of the 
eases which, in reality would have killed or severely injured these 
people. And this took place in the United Slates, a culture that edu¬ 
cates its children against blind obedience. This result, in effect, eon* 
tradices all expectations one would have based on the cuUural ideal. 
Of 40 Leading psychiatrists who were asked to make prediction* about 
the outcome of the experiments, most expected that Ihe subjects 
would not go beyond 150 volts and that only 0.1 percent would fol¬ 
ic™ the insl radians through all Lhe steps. Between the cxpcclalion 
and reality there u, a remarkable discrepancy. This points io innate 
tendencies which assert themselves against the cultural ideal 

The postscript that S. Milgfam (1966) attached to his paper 
leaves cute pondering (retranslated from the German): 

Win t numbing PdftulirVly WO Saw good people subm! Ic the demands p| 
jjlno 1 ly and commit acl ons I hot wen; «ril*topl ieelmg and ■"fi.-fl 1 Persons 
w<IhS ifi Their daily lives wart? rUspooxitilis and decent wrnro led to carnmsl 
crust acis by Use preisnsion oi nuihernv and mo hwi>ih:*i atcepiaisee ol 
th* •xpe-ri.'nentQT'^ dol.ni-ion. cH ih(r siUi.yiif.fi 
Where ms IUe bpjndary for wcS d!*d nnoo? In many instances wo innd In 
pioy.de' aucr. bruits. Screams of ihe victims -we»e used.- they were not enough. 
Th* victim compl^ned »boui hfrjrl Ifd JUd; Sldl Serf® St+kjecia ahGCSed tl»lfl 
when ih«y were oideied io bn so Tht wenm ptMdwJ to he reeaseU and tiq 
.inowvs aw# not ragiMW-mJ hv !hq 5*gn?H app.ynlus. the sub|(tcls r.pnl-nurrd 
lo Shock Iherri. Ifelially wo had nC*l riveted dial such diaSL'i nveasuies 
would be I’eesied to obtain a refusal 10 c tscpoiaie. and each step ai me e* 
psra-nsntai procsfcife' --as only eckted ro ihe des^e » wiwcn ihe ui«ff«irvts 
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n*ii Si ids previous tsrM.>i«jri tiOCijny* revested, Thg Ism iiriwiipi 10 mM;E ;t 
t»srr*r «» Ihe cornelian ir which the «ub|e>.i rt«l in loi.. h ih* . i • Hov* 
((VC*. The vm lirtl 4uli|6£5 almi*ly used lofcr .[H^iiftn ir*. v.cliro arMI p>o, 
ceOdOd DO rite highest 5hO*i irmePSdy. Ore- n.i.m-'i oi |hi '..jUft* ! lyjh-a.-'Kj 
SKUiWy anchor iboso com! lions,. 

Tfi* retulli—at ttWy ^cra ribssivitj anrt idi in (he labc*slaiy-eauMi grtac 
canceio ia ihis auihe>. TKay albw far ih»i poi^tniiry ihj; hun an i*ai)uri! or 
nrere tpessihcBily—lfta b rui oi pwsen isr&dacad try flntencan society would 
no I attend much patrician k> its CitiWH aja.ivu L*uLal uixh inhuman in ii- 
ntenl ni I he behasl cA an enrt aruihonSy, That# poopte M DO A Iwpe pereeeilBja 
what Ihey were TOldl, wrespec Inn? ol The native at their ac‘t. ly and . , it- .r. 
oc«ur»eniHXia obpacinjfls, as long « itay saw ihar ?ha order came hewn a 
lej[ilnmgt(t .igihpi>1y. When. at -i (hit giiurty. an ancinyo-i:. r. tixporwinv • 
CPi.id sure iistkil y bister aduMt Lii feicu a W-yeer-pId man mi : sulyr ssnsn 
sns acirp-'iistiir pamlal aicaci-c ihocha 10 h-m daspue is* proceaie, ihan amu 
egri only te JiSfirShwaive about w?nai a (jova-nmanr—wire much more au. 
ihcuiiy—eou»d (uder ns subjects io do iop. ■i&Ofr.l, 

All of its kfHW The example of ifoc CcnJ-fcarido. Ahr;iti:nir. fie- 
qutnOly glorilietl by ortifis, who wat willing upon (lie COrtTfnjttd of 
God To sacrifice his (.ntrt s*n (Fig. ZAJ). 
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Ilk Lhe ivmbiili'rn ill' Abraham"* iad.iflCr is (.Xinl^incd undoubl.- 
pJLv tif die greatest human problems. Obedience is an clhieal 
value, just as love thy neighbor, but when doc* it cease to he rim? 
When both are in oonfltHcl wi ih one lAMlrif, thtfl obeditme* is often 
stronger. apparendv based OH opr inborn disposition whose roots 
reach bails probably into I he ranli-order structure of wr primate 
ancestors. Generally at is of advartt 4 j<C fof a primate group when 
ihcv follow the stronger and usually more intelligent alpha mules. 

Prom I his insight it follows, however, that tove of neighbor and 
the race a lily of ihe individual areorten noL enough to resisL the oon- 
irary orders of strong authorities,* Mankind during peace accepts 
terrain humanitarian norms, If at were possible 10 establish them by 
law on an international scale and spell them Our in derail, this wo-aid 
indeed be a decided advance In bumaniiarian development. The in- 
divijdiwil top Id then call upon ihe protect ion of Lhe abstract author icy 
of a law against ihe orders of an evil authority. He would no longer 
stand alone with his moral decision against one authority but would 
have another as his ally. 

It is also important to educate people to be critical in ihcir atti¬ 
tude toward authority, to avoid blind obedience. Any subordination 
should be based on reason In this content the slogan “anliauthori- 
turifui education" has recently been heard. Etui this Seems to be bul 
a phrase, because anriapthoriLuriati educatt'if* .still take advantage 
of authorities. On Ihe walls of a ntiiiuthof Italian kindergartens one 
may see pictures of politicians. Probably I here is no Other way, After 
all, society can only esisi if individual egoism is, to a certain etlHIl, 
airbed by society. 

High rank in man is dependent up to a certain point on ace. 
and respect of the old seems to have some biological roots. In baboons 
we find elm relatively high-ra nlt-order position of oJder malts, who 
then also aid the group by their experience even after their physical 
strength has waned ip. JS55 |l In (he eyes of the group their physical 
weakness is somewhat compensated for by the development of a 
conspicuous coloration of the for (a lung, silvery nunielj, In man. 
too, old people play an important social role (council of elders in a 
senate) and m many peoples the old impress the group members by- 
special otlnbutes (w hite hair, busby eyebrows, white beard). 

Membership in a particular group is learned. Some arguments 
can be made fur suspeviing imprinting-like liiuilkuis as factors in 

1 Bet oi ins «ms ef iNsa peooi*. wh*5h >h« ion? ihy Cw gi*fl te tw a<i 
miriviianc*. iIkmj Wjh im ah* than bnortHih: Uur nhoj w>i uticOy dei^-ev 

iKent n.-unetr. ihe H-iiiies. aid its* ArrorriH, -ha Car.j.j'viBj. and ll* FViralW. «s* 
uretw. 0» My»m « ("d Lo*d tW h*» ir** Oam. SOi i& I 7. 

Amt l,Sr> IIIIrwlv r£Q%U&fiM) t* ItUI ill IF* Cily. tXHh man W&mjn,, yimr.j jrtf 
ijtn. i)«. tncl Uswp, tma ki. waIs she togs oi mu SimehU Jei>i 6:J1 
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ihis- process. I he religious and pi-*l jimtj. 1 ideals of their vouiii ,ire 
usually ItAurteily adhered to hs hum .in; brings. The grat bolds 
tor the idemi heat inn with an ethnic group Ojw< a young ni;m lus 
committed himself to a particular group. his amende decidedly 
determined Ten- I he tcsI of hii life, [JespUc ;i ’ii m ilae generic hasis 
people dlfl he something very diflercnL because «>f thb ijitprintine- 
likt process: Gtrnuio or Russians. l-Tcnchnien or Americans VV'e 
owe to this tenacious clintiing of a awe-acquired ,Attitude the coloe- 
lul mull ipl icily of human nliwes. How«wr r because groups j|w,os 
eloic tSiemsekes otT againii orhciv nr tmj here also Lhe root or lII 
•GilmcKjeiurism. whose consequences are often * destructive intolerance 
wbkh remains to be overcome 

In these religious, political, and ethnic grouping* we are dreads 
dealing with anonymous groups. The members of one religious bids 
or of one nation do ncM know each other indlvidvallv. However, then 
are united by common ideas, common representatives (head of na¬ 
tion. head of church k and frequently by very simple oannum sym¬ 
bols. These symbols may be badges or Ibe* or forms of dress, How 
mn nonuni such symbol idcnnlkatiori is for rhe cohesion of a £ioup 
can be seen from the fad tha t mew nations and pal ideal e roups see 
u ai ortc of their first tasks to budd tpcettenekjus And expensive encitn- 
Liiials and to exhibit their insignia of state and lhe pictures of Iheir 
presidents every w here. An important zroup^bindine function is also 
found in Festivals and national holidays. 

Within lhe anonymous group, aggression is largely uclt bulEl-red. 
all (mu ch not is well AS in an indit idtioli^ed group. We arc on I he 
whole less altruistic toward un unknown person when be is a mem¬ 
ber of our jnoitvmoti". group lhan toward evt personal friends. The 
necessiitv of a nwpjlity based on reawn i Kanif Ktiti* to he u neces- 
sjn' consequence of ihis fact. We w i!t *ervc a friend without que*- 
tipn because we are fond of him, but there are alw situations in 
which people sene anonymous members of Iheir group with a high 
emotional investmem, especially when they direct their j,ttentton 
against members of another anonymous croup whose members arc 
adherents of other ideals. This aggressive dhdrtCieriitk’ cf groups 
could possibly be ovyreome by symbol identificuiicut if it were 
possible to create ideals and symbols that could umic the whole 
of mankind, In ibis connection an idea of T Fremonl-Smith I l^A-1 
deserves special attention. He asked himself on the ivcasion of 
attending a oonferersce in Russia which common interest pisvibk 
could unito peopk of the various political orientations. and he found 
as an answer: the prclcvliurt of lhe child. In an address heture his 
Russian. ItosLs. he said, among other rhings 

MV» hiva now fejcNsd nh?t sKuiu in eu< baoiy w*»en no *iai*eirt ean ao Y 

(Oisj«,i jyciiKl 05 own gdiWreo. No g&v».rnn»>u. mov 1 be bv.v SO pOWSK- 
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M, can any li>ngs-> fj^aranlHi* ‘he palely ol iri mgse grec-n-us jioiMiiSion. 
■hr; palely bl ill Ch IdrtHY. II 4 fiuttoif fhokjc-Hirtl s‘:t>jld came, New Yciri 
lii«nJbi» «d MOSCOW will U«*‘3h i«d wilfl ,i i*l >11 children. If the nationi 
eoiHd, Nw<Mf r *3^9* io protest me children *i me oiti*ii r men ihe 
could bi! laved. II the USSR would guarantor! cho inigiy cl d Arnncan 
cli>klrern r Shoo all chi ldren Cbu4d be saved. 

Out of Ibis iommon desire a common symbol could be fanned: 
the heIpl-ess child dial need;- protection. which among others. was 

.I-..-,I !v. I lie ( ! 11: -11 ■ j i' r *. ■: i _■: ■ ■ 11 •- ..- .i mnliiy -■. iih-l \i > - n I 1 --t: ri j 

dial it ii again ihe care-of-young behavior w hkh even on this high 
plane is probably the mosl elfeclivc ‘"cement'’ 1o keep i group to¬ 
gether |p. 

In all aoemynwu* gfcrnpt there crisis a strong tendency toward 
conformism. an assimiLation to the oilier members in appearance 
and behavior. Outsiders who resist this assimilation release aggression 
ip, 333). This eonfoimily in behavior becomes especially obvious in 
large-scale activities such as sport; festivals and holiday parades. 
This phenomenon is based on certain mood-focilitaline mechanisms 
ihat are simitaf to ihtfce we already lent™- vsisl in animals, A sig- 
nificaitt means of inducing a similar mood ammvg people to bring 
them into harmony is music. Marching music virtually forces every¬ 
one into slep, In Lhas connection it is interesting 1o nolc that, in 
animal*, simple behavior patterns such as breathing of fishes. song 
of birds, and simple movement stereotypies ivqurrrdsi can be forced 
into the rhythm of 1 he monotonous sound of a metronome (J. Kneul- 
jen IW|.' 

Ji has sometimes been Mated that basically man was made only 
for life in an individualized group such as the family and a elide 
of friends. What we have said so far should have shown Ch.il man 
also possesses all the prerequisites For the formal ion of anonymous 
groupings Lhal con lain mi limns of members- He is adapted 10 both, 
and the slep toward the anonymous group seems to be of a more 
recent date, and the processes L>f adaptation are SI ill in progress. 

Wc see, for example, that men, in an adapuiioii to the large 
society of millions, have shed their indisidualistle displays with, re- 
sped to clothing and behavior. A Papuan may Hill develop a full 
masculine display within his small comm unity. The members of such 
a Mna 11 group are sd dwelt,- lied togeihcr by personal familiarity 
that this basically aggressive display Ls not disruptive. However, 
where this bond of personal friendship is lacking such display be¬ 
havior would be a Cause for conlhcl- By giving up individualistic 
challenging displays in dress and behavior, the members of large 
societies are adapted to the new conditions Shaved and in the gray 
llanncl suit we live wiili Jess friction in the crowded conditions of 
modern times. Women, on the other hand, are allowed So enhance 
I heir a Ur-active ness and to appear colorful, because their 'display'' 
activates binding mechanisms. 
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In our feelings toward our fellow men we ^e , n ih* p^tss of 
developing o** anil tide* os 'social rApoiubilit}. EinurijondJv wc ,i 
M ill better adapted to a life in individualizedl communities. ihe emo¬ 
tional lies w11 hi members of the anonymous group heine less- strong 
Ihsn those with out family and friends. The need is urgent, how¬ 
ever. to develop a new social responsibility alto toward' members 
of the anonymous group, and ways to achieve this coal are oslcred 
by di liferent ideologies Christianity. as well as .Vtarmsm. propagate 
the (deniiftCiHion of the individual with the anonymous group, fight- 
me at the same time egoism and individthllssm Because the source 
of individualism is the faintly. attempts have been made repeatedly 
in theory and practice to dissolve this core group as well as to light 
the establishment of individual bonds Thus, it was hoped, man 
would become one wilh the collective. These uUenipLs have failed 
so far, owing 10 man's inborn inclination to form families .mJ seel 
personal relationships. One will thus be compelled to look fw meth¬ 
ods that achieve Social responsibility of individuals toward the anony¬ 
mous edm muni lv but also allow the formation of individualistic bonds. 
The one does not necessarily exclude Ihe other. 

In exjmining the possible innate dispoMliens of man, as far av 
|ki> social behavior is concerned, special attention needs lo be given 
to the question of whether there arc any significant differences in 
the social dispositions of melt and women. K. Lorenz 119:54'! and 
more recently L- Tiger and R. Fax f t%4> pom! out the group for¬ 
mation of malts which excludes women, which is found m all cul- 
lures and which mas be a diTect adaptation to hunting and lighting 
behavior. Men also seem, more ready to form anonymous groups 
than women, who are more oriented toward Hie family. This leads 
us to ask if ihere is a predisposition lor the various fcdcs m a wx’iety 
which- ate played by men and women .-Userions that differences 
between boys and girls are the direct result of planned education 
by the parenls are not lacking (M. Mead I94JJ. The proof for these 
statements remain lb he provided, and the fact that in almost all 
cultures, as far as is known, men arc mors aggressive and less 
passive ih.ip. women should give us something to ihsnli ahoul Further- 
more, male characteristics, such as a desire lor higher rank md nt- 
crevased aggressiveness, are chartCWristics share with other pri¬ 
mates, For these reasons One now discusses again Ihe probability 
that constitutional differences may evot (J. Kagan and H A Moss 
1W2: D. G Freedmann IMT)* 

We have sketched a rough framework inlo which human mvijI 
bthav tor has been placed by phylugcnciic adaptation these adapt*- 
lions consisl less of rigid behavior patterns and more of innate nn> 

v Tim **g n e n w iuv l*n cimoui th*" mes mv*i tw M<y» 

Ihw ** ****** HI tf i»np 1*1* Th* HH4H fMt d 
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tivatkms ind learning dispositions ip. 217). We mentioned drumming 
.iiiJ 1 J 1 l phallic display as examples. Both dispositions are probably 
basic drives and innate releasing mechanisms- adaptations on the 
receptor side that allow' the recognition of the biologically adequate 
signal and thus shape the activity of people in principle. The detach- 
rnenl of these territorial displays from rigid motor patterns allows* 
however, a greater range of expression, Man does sH'U need to sit 
guard ihe way other primates do (p, 429.1 Bui may carve statue* in* 
stead and tlm* create symbols. Lemming disposiLions allow a wider 
range of freedom. Despite a basic sinularily. litis leads to a multi- 
pliciiy of cultural modifications of human social behavior, where 
each culture and subcullure developed their rites in diverging ways. 
Once Formed, they utc as rigid us phylOgerelleally developed rite* 
Just as ihe pJavlugcjuriically evolved rites of animal* control the in- 
born motivations. so cultural rites do this in man. and for Ibis reason 
Lhej. are just as important For an orderly life together in groups (K. 
Lorenz 1%0-p. To gloss Over them Hi just so much ‘"cultural white¬ 
wash”—as a sort of superficial varnish—is basically wrong- Our in¬ 
born mechanism* are insufficient to conlrol our drive*. They became 
secondarily reduced during the course of phylogenesis and were re¬ 
placed by euMural control patterns. This is a gain in adaptive modi- 
liability, because various pattern* of culiure could be developed that 
made possible the exploitation of various habitats. An Eskimo docs 
require different patterns for Ihe conlrol or his sexual or aggressive 
impulse* than a modem city dweller of central Europe Of the United 
States- Cultural control patterns can also be changed more quickly 
along with a change lit Jiving conditions, but in all cases they are 
indispensable for social communal life and man is, as A. Gehlen 
aptly remarked in this case, a cultural creature bv nature. 

The cultural rite* are probably often developed upon the basis 
of innate leu ruing dispeiiiirwi*. To examine these questions along 
e biological lines is a mod attractive task for us in Lhe future. We 
recall Ihe greeting ceremonies, which contain basic components 
despite the multiplicity of expression*, which ail serve the function 
of appeasement. Thi* holds for the various forms of making presents 
when entering a *1range house, making an inaugural visa, and *o 
cut. and for the various Forms of symbolic submission such as bow¬ 
ing. concealment of aggression-releasing characteristics* removal of 
weapons and armor, anti similar behavior, However, in a greeting 
there is also a disiinct display cctnpOfieni- One shows the pari iter 
who one is. and a firm handshake is already a nun uni taking slock 
i.>f one another, one could say a ritualized tournament, and it is dis¬ 
tinctly unpleasant when the other presents his hand ns such a way 
I hut One cun nut properly return his grip when shaking hands. Greet¬ 
ings with displays are seen during state visits. Tile gun salute is a 
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ftwm of ritualized aggie >sion: it is a dcnkiinsiT.ition just like ihc 
parade of Poops in honor of tit £u,csl. However, ibni ihesc forms 
of greeting ?ifc also intended to be friendly is shown hv prntniilkiD 
of iinns. The response of the grceied person jImi fidu™«. according 
to .rules Ch 3 1 have not been investigated furl her. [f he is of high 
rank and Ihc gfecier of lower Tank. the former m*v place his arm 
protectively around the shoulder ot symbolically on the head of lhe 
pvtltr. Persons of equal rank frequently put their jrms around each 
other. Comparable behavior is also shown by men when deathly with 
revered of leafed super n^iiito I powers. They submil lo ihem by giv¬ 
ing presents of various kinds, including ritualised feeding to gam 
their favor. On Bah there are daily offerings of some rite and flowers 
at designated places and during large festivals abundant rood sac¬ 
rifices arc made, Such remnants of old evtlomt are also found in the 
linns Valley in Austria a special food made of milk and bread 
1 Fetch Lriiils'hi is eaten on Epiphany, and. Lhe remainder of the food 
is left on the table with the spoon in it. The Peschl (fairytale char¬ 
acter) will come and eat it (V K. v, Ceramb 3918). IT man fears 
the ghosts, be tries to chase I hem away wiih fetishes thm e.xhihiL 
human threat gestures and expressions. 

The human dance forms show- culturally determined differences 
but also remarkable agreement In exhibition dances the men boast 
of the physical prowess by high jumps, clapping Lheir hands, stomp¬ 
ing their feet, showing their weapons, and so on, 1 his is ime in the 
Cossack dances, the Scottish Highlander's dances, or those of Lhe 
MSknahamiies tFi§. 2Saj 

The human desire to impress leads to parallel symptoms in the 
various cull ores. Ethnologists describe them as "prestige economy 1 
(J. Fanblee 1968), This includes expenses lur official robes as well 
as (he annual change of automobiles. unnecessary from n leehmcal 
point of view : the herds of the Massai. which arc often im practically 
large: and lhe huge expensive slone covers on the praxes of *ujne 
shepherd tribes in Southern Madagascar, made lo demonstrate dis¬ 
tinction and power, The savings for these power demonstraliurvs arc 
in all cases drawn from daily life. 

This prestige displays take the most fan tattle form in the Kwj. 
kiutl of the Vancouver Islands (R. Benedict IM< 1955). [ here rival 
chiefs compete m the destruction of property, Ihc rivals are invited 
and in front of them valuables are broken in pieces and large 
amounts of highly priied oil poured into the lire fhc guests have 
mj answer bv inviting their heists in turn and stepping in I his deoruL- 
live competition by destroying even more, lhe higher in value the 
destroyed property, the higher is the preside achieved, Certain as¬ 
pects of the race so the moon, bath in the East and ^est, veem mo¬ 
tivated by prestige thinking. 
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■■Vli'ifi^ ]lap< I lings, many Cultural activities have biological bases 
ihac have hardly hcgun » be invcstigate'd, Obi may think or man’s 
various festivals. On ilte one hand, they serve the strengthening of 
a bond between group members, whether within a family t a clan r 
or a larger frovp, Sports events unite by their v«y competition. and 
for "I he IlghlS of I he chariot ;i ■ i lI songs" even the Various ^u.irrLliri£ 
Greek Iribes used to come together, Festivals also serve lo separate 
groups, Certain r»tuals are performed within a group, and being 
unique is emphasized, The separating fund km of rite-S tan be SO 
pcrfcei Thai such groups behave as if ibcy were ethOspCs’irt. an as- 
peel thji was pointed out by K. Lorenz { I%6). Festivals also nuke 
possible the formaLion of new relationships and are also oflen the 
vents for unfulfilled appcliliv? behavior (f'g 285}. Just as during 
:et,vss the Jamined-up drive |o run anmnd imd play is diss'harged 
■o children., so 1 lie various unfulhlls'd drives (aKcrc-ouml are dis¬ 
charged in people who have no occasion to do so during, [heir routine 
daily lives, The carnival has a uiiilmg function—in Rio it his the 
L-baracKf of the folk festival—but it is also a custom that funetums 
as a safety valve. The comparative study of customs along etlto- 
logkal lines has hardly begun. Ms-re human s-thology as a '’bmlugs 
of cultural udiieverticals'” opens up a wide and interesting area of 
research 
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Intelligence to use tools 
end language 

Along (Jit lines of J, Q. Herder. A. Crehlen (].940j spoke of man as 
a ''deficient creature" thlangdwescrv),. referring Id the nakedness of 
man and rhc lack of inherited weapons. He is mere helpless ihati 
any animal in this world and would hardly have a chance in survive 
if he did not have ifre aid c»r technology. This view of man as a 
deficient tuning continues W be held in the anthropological literature 
and has more rcucnLlv found its way into the popular literature. 
This view is, however .very one-sided. It overlooks the fact lhat Ihere 
is no such thing as a perfect organism. Each spectekBatiort in erne 
area means a loss in another. A mammal such as a seal, which has 
been adapted to life in the sea, can move only wilh difficulty on 
land. In addition, each presently living organism, is Che result of 
countless reslnurturing processes. The fad that all land vertcbralcs 
have descended from fishes is evidcnl as an historical burden in the 
blood rifttilltory system of Lhese vmebratti The still incompletely 
separated circulatory system of amphibians and many reptiles can 
be considered a deficiency from the podnL of view of an engineer. 
The step-by-step transformation of the (ish-btood cireulatcry system 
to include the circulation through I he lungs ns an adaptation to life 
on hind it ftrsi leads 10 an Incomplete separation of venous and ar¬ 
terial blood. Progs, salamanders, and even, the lively lizards, as 
“'vertebrates with mixed blood," do nol have as much endurance CO 
reach I he peak, performance during, Sity an escape, as foil, birds, or 
mammals can easily reach (1. Kramer 19d9>. Than* halebone whales 
form tooth rudiments as embryos only Co resorb them again, rind 
that we in an earlier developmental stage develop branched arches, 
can only be interpreted as on historical burden, Whenever a way of 
liTe changes, the morphologseal and physiological adaptations limp 
after them. The tendency of man to develop fallen- arches and vari¬ 
cose veins in. the legs shows that these systems still lack some of the 
necessary adaptations to upright walking <K. Sailer I 96 JX These 
things are not, however, specific deficiencies of man, but they are 
die expression of evolution in progress- 

Irinullc, many cJuncrufisUct ol man considered ’l.iults” prove 
upH.Fi: chase observation [rue adaptive characteristics. This is true for 
haLrlessness, which, along with the numerous sweat glands, makes 
it possible to thaw prey animals with peOeverunee iri warm tfflMfCS. 
bush men pursue antelope* until they collapse from fatigue. Mammals 
that have fur often sutler from overheating. 

Furthermore, it can hardly be considered a deficiency that man 
is not specialized in a particular way. lie is, in K. Lorenz’ II9M) 
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words "a specialist in not being special wed. ” To (his fact man owes 
his worldwide dislribution. His sense organs ore excellent and his 
physical capacities were ill usl rated by K. Lweni (lt»5i») by compart 
ing [hem with those of other mammals. 

Il CO# were 10 l#l 11# Ihre# Efliti la 'nnrch 3b lm n am? da,, ifi c T* up 
a Sumais^long rase, aod 10 a-w-rn a d St?inc# gl 1 ■> meiacs n 4 me-n^s tlrpih 
and pet: gp a numbe- si cbiscis m a eang.n ptde* iron' sh* boiit-m, ail 
aoci^il cs which a highly rwjnaihtgiic person who tils muen «1 h .§- um* behind 
a dcit-lO# imyielJ,- can do vsiUkhiE ^.Hisglrv,. m#a Eh#ta is r-.i sip-gj* pihf, 
nsammai which e*n {hjpheai# th>s lea? i> I 54] 

This universality in Ihe physical realm is matched by s surprising 
individual adaptability, Man is. as K Lorcru said, a "curiouiy 
being open toward the world.." Whereas most mammals arc curious 
only in. their youth, this characteristic of youth «s retained hv man 
for the rest of his life. He » forever ready to actively explore new 
things and LO experiment with things m his environment (see play, 
p, 2Jh). From his iree-dwdliiig apelike aitceriiio he iishcriicd :i less 
adaptations which were originally developed for climbing. flic hand 
for grasping, binocular vision, and spaLial intelligence the ability 
to comprehend spatial relationships "centrally " He who climb-, 
about in Irees by the use of hands must he able to judge distances 
well and to integral# the observed relationships ceaUralU. Even to 
ibis day our thinking is organized in terms of space: we translate 
nil obscur# relationships into concepts that we can centrally "grasp," 
W* g»n iA|>ghc :nio an • n:o«HWiniKl relationship—I t# an aa# 'is a confusun 
Gli branches-but we hfrvir rnaly ccunpsehfrdccl ihe ppjcct only wh^'i wo 
h*v* cOTijrfoLety "fliatped" (I, In ihi! 9*1 n<pralUiHi tbi a^G-Oli-l hopnc pr>- 
malo r0v#ili MrSiil! 41 i jy KhKG-WOr la the cutiejl -&o# {1C. Lmeni 1S I 53:- 

AH these adaptations to life in the trees—the central representa¬ 
tion. binocular vision, the grasping band.—became useful in A new 
way when pgr ancestors- were forced, with an increasing change from 
jungle to Grassland, to move on Ihe ground. At first they prohuhly 
moved from one group of trees to aocHher. but even tins res^u i4 , t , '> 
erection of ihe body to look out foe enemies above the grass, Hie 
hands could become free for earning objects, Chimpanwe* eurry 
fruit in their hands while walking ereci. 

With the continued progression of the ftwlunds. the necessity 
lo hunl prev probably arose ;utd this pTodiieed a strong select ion 
pressure toward the use of took which eventually led to rhe making 
of them. The Australopitbteincs oJ fsotilh Africa -rod the t Jlclus .ii 
Gorge made tools (ft. A. Dari J95-7: L. 5 W. lea key I ^5; G- 
Heberer 1965), With these instiuments I hey lulled their p rey 

Simple chipped-stone tools for ,i long ume determined the slate 
of human culture, and the explosive development csf itwrl-producttig 
eulLures came about only in relatively recent lines- Why the dmlop- 
irienL stagnated foe over hundreds of tbuu.xueids c-l years aller ihv 
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invention of the lira sroue implement, ,inJ then changed to the 
sudden evolution of i toed-producing. culujre, wf etc not know. Per¬ 
haps (bis wav dtrvclly lied up wjjh the development of language. 
141 figure make* it pnwilite to piwson (he experience* ofindmduj)* 
to a grctUer extent, In a brilliant investigation FI. mass (I96S) div- 
cussed Ihe various selective ndvanUg.es of lool using. Tools sene 
(lie function of organs; (hey are “artificial organs." so 10 speak. 
They do nor need 10 he nourished, howevtr P and one doe* not need 
to curry (hem along all day. It is also possible U exchange (hem 
against others and thus change one's specialization. Different people 
may u*c the same artifacts and cooperate in ihcir production. Nut 
only mjcIi instrument* as a fork or knife have to h< curmdcfcd arti¬ 
ficial, bui also truck*, phnes, or bridges. 

The human hand sfcow-i a number of adaptations which enable 
it 10 be used especially in making and using tools, adaptations which 
arc already present in rudimentary form in other primates, ihus all 
primates can grasp an object with a hand (adaptation for L-limbingi 
The thumb becomes more and more spectalircd in the primates and 
finally can be independently moved and oppowd to the oilier huger* 
(Fig 286 >. This development is furthest advanced in mao: we can 
hold an objrcct with one or several lingers and the opposing thumb 
(precision grip). This firm ih-amb Unger grip is further improved by 
ihe fact that the terminal phalange* are broadened The thumb is 
long in relation Lo the index linger mid it is moved by strong muscle*. 
The joints connecting the thumb lo (he metacarpal and ihe trapezoid 
bone enable man to rotate it 45* about the tong axis so that it can 
be opposed to all other fingers (J, Napier 1962). 

Higher mammals have the capacity to solve problems without 
actually Trying out all possibilities. A chimpanzee, con fronted wilh 
the task of getting a b4iWtni fastened 11 the roof of Ihe cage out of 
teach, may sit down quietly a »id. by looking around, spot a bu* and 
finally. without moving, discover the solution of placing tire box 
beneath the banana. In man ihe capacity to experiment in imagina¬ 
tion Is advanced so far that we may rightly cull him the “phantasy 
being” (A. Gehlen ISHfl). We combine our engrams and though I* in 
fiver-new w;ty*, and nut only w hen a concrete task demand* a solu¬ 
tion. Wc play with these contents of our mind, build castles in Lhe 
air. devise plan* for our actions, and thus dissolve old habits. This 
capacity en.ih|c* us to slay open bn adaptive modifications- Some¬ 
times, however, we create image* in Our phantasy which deiermine 
a* imaginary force* our future behavior |H. Ha** 1967). This is apt 
Lo happen when our phantasy constructs originate under the influence 
of strong motivations (aggression, sex). To a degree man lives a 
second lire in phantasy, and ihi* may have cathartic effects sortie 
limes, when real life denies ihe mJe u [nan would like to play. 





iHTRLHJENC* 50 USE TOOLS mI;0 LANGUAGE 


i(.i 

# 



F'dfj'-" JflE ert bvng |al Tfto f'S'xl of Bm shnw ifam ■ 

Iwa-nn nj & lh* 4 £Ki#j 4 ltof b* «to ItHfir® *hto*i at ^Of prjr,i»« ifc In It* 

!■**« I Tfrivf! if* Jim &*¥*i 6«?Mr m «*w*'*<i «**pi if* efto* ^ 

■* 9W* In roll)* mu’ ih* pnn n logins wnf, ih$ atnal boot. n| lr ■;>* eijhjcn n 
BW**f iC*S^»l IM aJM^r Mwi !-ii* -iiuir-t' antf *!•*>[» <s !H v4 n-.:n,n 

tlUKit c*fi ftSv- irOtpxxton’V 41 |h* Saw CH P* h« Utpitf p*flt IflU « If* OK) 

Wodj f«db th* Ofj «*B*I 4 **nn**i«d b* * uddlt rs« n r. if- m Fxsi m T»»-* 

TOtft» (HH5 bit a 'OUSI-niJ TiCrOn ul "ff- liT-l Cfl'pjl ttoim *1 Ih* ti»n|J i 'l i<Hrll 

fntn- rh« dG**topn*ii! show*, * (*$-401 hi* ewntod Thu irt^fob rs qu-h tong m 
N$|n*rt I© lh* lrtj*r JrtS tyn*l "- Yir,kid tenMVJfct:. £w«fl f «•'• fnow iho 

ihui'iit- iik in; nip J-C.-TI irvt ptiik, n! ih* hind £*da*-» (Ciius bet* D*»t) x<) 
twe-tl iKki'*4 *fii3 tppll 60t* **d w«p*hifn P-Blt I pcsvM h) nplato Ih? If-.jmu 1)5’ 
■tarn of big i>4 *0 ih«r * cyi 4 m opposed to 4> 4ri>W Ifi-JiVi The flKWwg of to* 
dst»i ftoalx'kgaa jnikdie )f>t inm gnp *f ih* ihixrib iwito lino»«5L i. Mlp*i 

1196 ?| 























ml THE EfHQtOflT Q* MAPi 

Remarkable i> I tie Capacity of man lo learn new unolor patterns 
purely centrally without esereisc- We arc not only capable of repro¬ 
ducing an oral or written word in an instant, bui we can also inv*iu 
new movement pnllcrn-' in our phantasy and reproduce them in be¬ 
havior aecwdlhg to our phantasy, 

The necc«sty of communal hunting enforced ihe evolution of a 
higjily differentiate communication system Our reperlotrc of expres¬ 
sive movements i* Very rich, wc 040 signal even w'iLb our eyes (I 
LLbl-EUhei-fddt 190S, M. v. Cranach {in press)), li is a reasonable 
guess rhac ihe while eyeballs in man developed to allow the percep¬ 
tion of minute eye movements-. 

Typical for humans is language with words, W-e have already 
emphasised that almost all vocalizations of animal *• am interjections: 
only rarely can *e observe anything like naming or other language- 
like communications 1ft- 1 Mf Whereas animals merely reflect iheir 
internal state with their primarily innate repertoire of vocalizations,, 
man jives names 10 objects in his environment and hence he can 
make slaLcmeitts about it (J. FT Lancaster 1966V 

To communicate emotion* we do not necessarily require language 
even Loday, beeause eur innate e&pressrvc behavior repertoire is quite 
sufficient. Lr is possible that the function of language originally was 
only to communicate certain environmental con lingeries, such as 
collaboration for the hunt. Children also use their first sentences for 
communicating aboul the environment and only much later e*press 
rheir emotions by Lhe use of language, ft, J, Andrew (I^Sa) calls the 
etwaiiclpaiiun of vocalisations from emotions an important prereq¬ 
uisite for human language. This hts in with Ihe observation that 
the most Sensttive parts of our auditory Tange, around J0OO Cycles 
per second, is pol utilized in speech. In this range lie* the frequency 
Lif the distress calls of a child or a woman, to which we probably 
read innately: in other words, this range is emotionally occupied. 
For speech " t use the available frequencies a round 1000 cycles per 
'econd Merc we are also aware of the freedom from instincts, and 
Only be^igse of this can language become the basis for objective 
communication. This objectivity is a distinctly human characteristic, 
but Ihe independence from instincts has its limits. It as Iruc that, an 
man, learned behavior patterns predominate over innate ones. Fn 
absolute terms, however, we most likely do not have fewer fi*ed 
action patterns chan other primates: more likely we have more, in 
additiiin. *t have inborn motivations such as play, hunting, and 
gathering drives, driving foe rank and status, which have no definite 
correlated motor pottems and which are in part recent acquisitions 
in our phytogeny: we may think here of our drive to speak (p. 114>. 
Such primary rnautv.iimrn :irc probably the cause of the principal 
analogies in various cultures, because they have a determining in- 
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liueriLc as Learning diipoiilion*, lit the course ol this kamtnc:. man 
learns- by innate in (chart isms when hi-, bi*hiAs-io<r is drive reducing 
or when n KrniiniL drive-fewaiding situation ha:-» been met. Ths" 
liberation of the drives from the bonds of strictly programmed 
counts of motor behavior allows for the wide ranee of adaptive 
Modifiability of our behavior and is one more of man's distinct he* 
haiioral characteristics. 


A look into the future 


The claim of ethology to be able to ceinirihme to a better under¬ 
standing or human behavior has often been rejected hs w'holnrs of 
a more philosophical orientation The methods of ethoLogy. it Is 
said, are not adequate for human pswhologv pTevi.sdy because «( 
are not animals i Hosenkbrrer 1966). Animal behavior is said (0 run 
its course Mice a programmed computer, and this model is not ap¬ 
plicable to human behavior, 

FItsl w? must reply that an ethologist does w uncritically ev- 
trapoLalt from inHjilhls Knitted in ib? study of one animal species to 
another. Instead he develops working hypotheses whose applicability 
must he verified in each individual case. However, 1 he hypotheses 
i hat ft ere developed during the study' of Oart species jr< id great 
help in studying a new species. Physiotogisfs have foe a l«i| tinte 
successfully used this approach, for csample, when they use a drug 
that was tested in rabbit* nod appls it to the cure of human nib 
meats, tn So tltwng thes in no w.iv imply that human beings arc 
ciadenis. The closer we are to an animal species, the greater is the 
probability Ihat insights gamed from studying one specks arc ap- 
pitiable to another. In this connection let me paint out Lbat a sharp 
separation [>f animal and man in a sciprtttfk sense hns been indekri- 
dbk since Darwin, especially in view of the more recent primate 
sLudies in Japan and Africa- ’Ll'hen we apply objective criteria. an 
earthworm has Ins in common with a chimpanzee than ihe Ini lor 
with us. Whoever continues to contrast earthworm and chimpanzees 
as ’■animals" with man. slates a personal preference based cm his 
philosophy but Joes not elassifs I hem. according to svtcniilk critcrta 
When w-e'spealt of man. (hen. we do so in the icnse of vme p-ir« 
tin* Lit ipeciei. We also contrast the human specks frequently to 
others, but not hs- excluding it from Ihc amnial kingdom. We are 
united with all animals by a natural relationship We have shown 
rhai eihohsgical working liy polhcses are also useJul in rite study ol 
human behavim. In human behavior we were able to dctnon-iirutc 
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[he ecii lei'ict of phytogCilclie ada filalums i ll [he form rtf' ItKpUi atl umi 
patterns. 9n 11.no releasing mnbnisiDS. releasers, internal motivating 
mechanism*. and in twin learning disposition* Our knowledge is Mill 
filled hull gaps, hiii he are tneouragLid in CGiliiiiit out nsearrh in 
line with hdoflogical view points, especially' as il has been shown that, 
especially with mped to our social behavior* our actions, arc to ;in 
impetiartE ftiwot preprogrammed hv phylogenetic adspmim Our 
Mioial behavior, particularly, is dcarlv disrupted today fov certain 
vhang.es in our enviironmcnl. and only insight into ihe causal neta- 
lionshipv can lead to suyoessiy therapy. Only the csaei knowledge 
of 1 he determinants rtf OUT behavior 1* ill lead 10 its eveatu.il mastery. 
If we Seimjw, for example, which releasing stimulus situations arouse 
certain impulses to acl, then we cart either seek them out or avoid 
1 hem i might ■ nle 1 he work i ngs of our i ana Lc mot is a I i ng meehatii m:is 
will make their control easier, as is Inie for all insights into rdalion- 
ships which allow no to extricate ourselves front u rigid xtirmilw- 
response lJi.mii hy virtue of our mental capacities. We have already 
discussed the capacity to detach ourselves front a problem, and view 
il from a distance, an ability dial ts highly developed in man Ip- £ 3 # 1 , 
This ability to gain perspective allows us Lo contemplate the eonse- 
qneriLirs rtf our actions and to choose among several alternative 
courses of action Yes, up Lo a certain point man can, with the help 
of this capacity, act against his drives. It is m a w*y the basis of mir 
specifically hitman freedom. The preres|ubrie tor a responsible deci¬ 
sion is, however, the eauval understanding of those behavior mechan¬ 
isms which underlie out behavior. The less we know about them, 
the more blindly will we follow Lheir dictates. 





